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(57)Abstract: 

PURPOSE: To provide an optical modulator with high 
performance. 

CONSTrrUTION: This device is constituted so that a 
liquid crystal optical element 30 provided with an elliptic 
mirror 1 2, a light source 1 1 , an aperture diaphragm 1 4, a 
front electrode 30A, a liquid crystal solidified substance " ' 

composite body layer 30B where a beam passes through 
twice and a rear electrode 30C, a flat convex lens 40 
and an optical fiber 50 are provided, and a boundary in 
an optical path is made a projecting and recessing 
surface, or is made to have an inclined angle a, or a light 
absorbing body 70 is provided on the surface 40a of the 
flat convex lens 40 and an unwanted normal reflection 
beam is reduced, and a modulated beam is emitted to 
the optical fiber 50. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by connputer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The light source, a condensing means, and the liquid crystal solidification object 
complex with which distributed maintenance of the liquid crystal was carried out into the 
solidification object matrix between the substrates of a pair with an electrode, respectively are 
pinched. Light is scattered about, in case liquid crystal is controlled by the electric field 
generated in inter-electrode and the refractive index of liquid crystal is not in agreement with 
the refractive index of a solidification object matrix. The liquid crystal optical element equipped 
with the liquid crystal solidification object complex layer which light penetrates when the 
refractive index of liquid crystal was mostly in agreement with the refractive index of a 
solidification object matrix, A light reflex means and an optical fiber are prepared, and it is 
prepared so that a light reflex means may bend an optical path in the middle of the optical path 
from the light source to an optical fiber. A liquid crystal optical element is arranged at the 
reflector side of a light reflex means, and the light by which outgoing radiation was carried out 
from the light source is made to pass a condensing means. Furthermore, incidence is carried out 
from the 1st field of a liquid crystal optical element, and it is made to pass a liquid crystal 
solidification object complex layer. Furthermore it results in a light reflex means, is reflected with 
a light reflex means, and is made to pass a liquid crystal solidification object complex layer. 
Outgoing radiation is carried out from said 1st field of a liquid crystal optical element, and it is 
made to pass a condensing means. In the liquid crystal optical equipment by which the quantity 
of light which is mostly condensed by the optical input edge of an optical fiber, and is 
transmitted to an optical fiber from the light source by transparency and dispersion of the light 
in a liquid crystal optical element is controlled A light reflex means is approached or stuck by the 
liquid crystal solidification object complex layer, and a condensing means consists of a plano- 
convex lens. [ whether this plano-convex lens is prepared in contact with said 1st field of a liquid 
crystal optical element, and irregularity is prepared in at least one interface among the interfaces 
which exist in an optical path until it results / from the light source / in an optical fiber, and ] 
Liquid crystal optical equipment characterized by making at least one interface incline only in 
only whenever [ predetermined tilt-angle / alpha ] to a light reflex means. 

[Claim 2] Liquid crystal optical equipment characterized by forming irregularity in one [ at least ] 
electrode surface of a liquid crystal optical element in the liquid crystal optical equipment with 
which irregularity was prepared in the interface of claim 1. 

[Claim 3] It is liquid crystal optical equipment characterized by considering as a bigger value than 
the prospective angle when expecting the effective radius of an optical fiber from the point on a 
reflector [ in / whenever / tilt-angle / on the liquid crystal optical equipment with which only 
whenever / tilt-angle / of claim 1 / alpha / was made to incline, and / in alpha / a light reflex 
means ]. 

[Claim 4] Liquid crystal optical equipment characterized by preparing a light absorption object or 
scatterer in the part on the convex of a plano-convex lens in the liquid crystal optical equipment 
of any 1 term of claims 1-3. 

[Claim 5] Liquid crystal optical equipment characterized by forming a heat regulator in the 
substrate side with which the light reflex means of a liquid crystal optical element was 
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established further in the liquid crystal optical equipment of any 1 term of claims 1-4. 
[Claim 6] Liquid crystal optical equipment characterized by coming to prepare an ellipse mirror 
further as a light guide means from the light source to a liquid crystal optical element in the 
liquid crystal optical equipment of any 1 term of claims 1-5. 

[Claim 7] In the liquid crystal optical equipment of claim 6, the light source is arranged near the 
primary focus of an ellipse mirror. [ whether cone-like prism and an aperture diaphragm are put 
together and arranged as a condensing equalization means near the secondary focus of an 
ellipse mirror, and ] Or it is liquid crystal optical equipment which a cone-like reflector is 
arranged, and the outgoing radiation light from the light source is condensed near the secondary 
focus in an ellipse mirror, and is characterized by the flux of light further converged and 
equalized by said condensing equalization means carrying out incidence to a liquid crystal optical 
element 

[Claim 8] Liquid crystal optical equipment characterized by considering as the convex cone 
object-like prism whose vertical angle theta by the side of the optical outgoing radiation of 
cone-like prism is 90 degrees - 175 degrees, or the convex cone object-like prism whose 
vertical angle phi is 185 degrees - 270 degrees in the liquid crystal optical equipment of claim 7. 
[Claim 9] Liquid crystal optical equipment characterized by considering as the convex reflector 
whose vertical angle beta of the reflector of a cone-like reflector is 150 degrees - 177 degrees, 
or the concave reflector whose vertical angle gamma is 183 degrees - 210 degrees in the liquid 
crystal optical equipment of claim 7. 

[Claim 10] The lighting system equipped with the liquid crystal optical equipment of any 1 term 
of claims 1-9. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the liquid crystal optical equipment using an 
optical fiber and the liquid crystal optical element of the transparency dispersion mold equipped 
with liquid crystal solidification object complex, and the lighting system using it. 
[0002] 

[Description of the Prior Art] A liquid crystal optical element is arranged between the light 
source and the optical fiber for optical transmissions from the former, and the liquid crystal 
optical equipment which controls the quantity of light transmitted to an optical fiber from the 
light source by the liquid crystal optical element is known. Furthermore, the lighting system and 
luminous-intensity-distribution equipment using the bundle fiber, the light source, and the liquid 
crystal optical element which bundled the optical fiber for optical energy transmissions or the 
optical fiber of single track are proposed. 

[0003] Moreover, an optical fiber is used for the light guide means from the light source to a 
liquid crystal optical element, and the configuration which has arranged the liquid crystal optical 
element between optical fibers is proposed. The basic arrangement is shown in drawing 7 as a 
conventional example. The optical fiber 51 for incidence, the optical fiber 52 for outgoing 
radiation, a convex lens 41, and the liquid crystal optical element 30 in reflective mode separate 
spatially, and are arranged. Furthermore, the liquid crystal optical element 30 has a liquid crystal 
solidification object complex layer as electro-optics-stratum functionale in the interior, and 
shows the mode of operation of a transparency dispersion mold. And this configuration attains 
the modulation of light. 

[0004] Moreover, although it is the arrangement configuration which resembled this conventional 
example, the optical variable attenuator which used the low loss thin line optical fiber for optical- 
communication information transmissions for the optical optical incidence [ of a liquid crystal 
optical element ] and outgoing radiation side is proposed. As mentioned above, since reduction of 
optical loss is attained by using the liquid crystal optical element equipped with the liquid crystal 
solidification object complex which has the mode of operation of a transparency dispersion mold, 
and can control light without a polarizing plate, even if it uses a high-reflective-liquid-crystal 
optical element and a lens, it is proposed that optical variable attenuator can^be built. 
[0005] 

[Problem(s) to be Solved by the Invention] In this case, in order that light may pass a liquid 
crystal solidification object complex layer twice by considering as the configuration of a 
reflective mold, the scattering power of the liquid crystal solidification object complex itself 
improves by leaps and bounds compared with the configuration of the transparency mold which 
light passes once. 

[0006] However, in order for a part of interface reflection produced in the interface of a liquid 
crystal optical element, the interface of the lens for condensing, etc. to always carry out 
incidence to the optical fiber by the side of optical outgoing radiation, when liquid crystal 
solidification object complex was in a dispersion condition, the outgoing radiation quantity of light 
from an optical fiber did not become low, and the extinction ratio of the outgoing radiation light 
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by the electrical-potential-difference impression to a liquid crystal solidification object complex 
layer and un-impressing was not able to say that it was high compared with the configuration of 
a transparency mold. 

[0007] Therefore, the dynamic range of the quantity of light change accompanying electrical- 
potential-difference impression of a liquid crystal optical element hardly improved as compared 
with the component configuration of a transparency mold, and it was still a low characteristic 
value. Moreover, when the light source which emits a lot of light was used, it was remarkable, the 
repeatability of various kinds of electro-optics properties (the property of applied-voltage pair 
light transmittance, a dynamic response characteristic, extinction ratio, etc.) became low, and 
exact modulated light of the temperature rise of the liquid crystal optical element accompanying 
the radiant heat etc. was not completed. 

[0008] Moreover, the outgoing radiation light from the light source was condensed in the ellipse 
mirror, and in the case of the lighting system which finally obtains outgoing radiation light from an 
optical fiber, the field where an illuminance is low was generated in the center section of the 
exposure side, and it had become a problem as a homogeneity lighting system. For example, 
since judgment precision would fall if it puts on the test equipment which performs a binarization 
image processing and judges the quality of mounting and the homogeneity within a field of 
exposure light is inferior after irradiating the outgoing radiation light from an optical fiber and 
inputting the image into the circuit board in which electronic parts were mounted with a CCD 
camera, it had become a problem. 
[0009] 

[Means for Solving the Problem] This invention between the substrates of a pair with an 
electrode with the light source and a condensing means, respectively The liquid crystal 
solidification object complex with which distributed maintenance of the liquid crystal was carried 
out into the solidification object matrix is pinched. Light is scattered about, in case liquid crystal 
is controlled by the electric field generated in inter-electrode and the refractive index of liquid 
crystal is not in agreement with the refractive index of a solidification object matrix. The liquid 
crystal optical element equipped with the liquid crystal solidification object complex layer which 
light penetrates when the refractive index of liquid crystal was mostly in agreement with the 
refractive index of a solidification object matrix, A light reflex means and an optical fiber are 
prepared, and it is prepared so that a light reflex means may bend an optical path in the middle 
of the optical path from the light source to an optical fiber. A liquid crystal optical element is 
arranged at the reflector side of a light reflex means, and the light by which outgoing radiation 
was carried out from the light source is made to pass a condensing means. Furthermore, 
incidence is carried out from the 1st field of a liquid crystal optical element, and it is made to 
pass a liquid crystal solidification object complex layer. Furthermore it results in a light reflex 
means, is reflected with a light reflex means, and is made to pass a liquid crystal solidification 
object complex layer. Outgoing radiation is carried out from said 1st field of a liquid crystal 
optical element, and it is made to pass a condensing means. In the liquid crystal optical 
equipment by which the quantity of light which is mostly condensed by the optical input edge of 
an optical fiber, and is transmitted to an optical fiber from the light source by transparency and 
dispersion of the light in a liquid crystal optical element is controlled A light reflex means is 
approached or stuck by the liquid crystal solidification object complex layer, and a condensing 
means consists of a plano-convex lens. [ whether this plano-convex lens is prepared in contact 
with said 1st field of a liquid crystal optical element, and irregularity is prepared in at least one 
interface among the interfaces which exist in an optical path until it results / from the light 
source / in an optical fiber, and ] The liquid crystal optical equipment (1) characterized by 
making at least one interface incline only in only whenever [ predetermined tilt-angle / alpha ] to 
a light reflex means is offered. 

[0010] Moreover, in the liquid crystal optical equipment (1) with which irregularity was prepared 
in this interface, the liquid crystal optical equipment (2) characterized by forming irregularity in 
one [ at least ] electrode surface of a liquid crystal optical element is offered. Moreover, in the 
liquid crystal optical equipment (1) with which only whenever [ this tilt angle / alpha ] was made 
to incline, alpha offers the liquid crystal optical equipment (3) characterized by consider as a 
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bigger value than the prospective angle when expect the effective radius of an optical fiber from 
the point on the reflector in a light reflex means whenever [ tilt angle ]. 

[0011] Moreover, in any one of the above liquid crystal optical equipment (1) - (3), the liquid 
crystal optical equipment (4) characterized by preparing a light absorption object or scatterer in 
the part on the convex of a plano-convex lens is offered. 

[0012] Moreover, in any one of the above liquid crystal optical equipment (1) - (4), the liquid 
crystal optical equipment (5) characterized by forming a heat regulator in the substrate side with 
which the light reflex means of a liquid crystal optical element was established further is offered 
[0013] Moreover, in any one of the above liquid crystal optical equipment (1) - (5), the liquid 
crystal optical equipment (6) characterized by coming to prepare an ellipse mirror further as a 
light guide means from the light source to a liquid crystal optical element is offered. 
[0014] Moreover, in above liquid crystal optical equipment (6), the light source is arranged near 
the primary focus of an ellipse mirror. [ whether cone-like prism and an aperture diaphragm are 
put together and arranged as a condensing equalization means near the secondary focus of an 
ellipse mirror, and ] Or a cone-like reflector is arranged, the outgoing radiation light from the 
light source is condensed near the secondary focus in an ellipse mirror, and the liquid crystal 
optical equipment (7) characterized by the flux of light converged and equalized by said 
condensing equalization means carrying out incidence to a liquid crystal optical element further 
is offered. 

[0015] Moreover, in above liquid crystal optical equipment (7), the liquid crystal optical 
equipment (8) characterized by considering as the convex cone object-like prism whose vertical 
angle theta by the side of the optical outgoing radiation of cone-like prism is 90 degrees - 175 
degrees, or the convex cone object-like prism whose vertical angle phi is 185 degrees - 270 
degrees is offered. 

[0016] Moreover, in above liquid crystal optical equipment (7), the liquid crystal optical 
equipment (9) characterized by considering as the convex reflector whose vertical angle beta of 
the reflector of a cone-like reflector is 150 degrees - 177 degrees, or the concave reflector 
whose vertical angle gamma is 183 degrees - 210 degrees is offered 

[0017] Furthermore, the lighting system equipped with any one of the above liquid crystal optical 
equipment (1) - (9) is offered 

[0018] In the liquid crystal optical equipment of this invention, it is detailed irregularity's 
specifically being formed in one [ at least ] transparent electrode surface of a liquid crystal 
optical element as an unnecessary normal reflected light reduction means, or making the liquid 
crystal solidification object complex layer of a liquid crystal optical element incline to a light 
reflex means, and preparing, and the unnecessary normal reflected light produced in the interface 
of a liquid crystal solidification object complex layer and transparent substrate glass with an 
electrode etc. is reduced. 

[0019] Moreover, one-structure is adopted and a compact, the liquid crystal optical equipment 
which was optically [ firmly and ] excellent mechanically, and a lighting system are offered so 
that the unnecessary normal reflected light by the interface between a condensing means and a 
liquid crystal optical element may be controlled positively. 

[0020] Moreover, in the liquid crystal optical equipment of this invention, an ellipse mirror is first 
adopted as a light guide means from the light source to a liquid crystal optical element, and a 
condensing equalization means is established further. The light source is arranged near the 
primary focus of an ellipse mirror, and an aperture diaphragm, cone-like prism, or a cone-like 
reflector is arranged in the location near the secondary focus. It is easy to attain the function 
that an aperture diaphragm is equivalent in addition to a perfect aperture stop here. Simply, the 
electrode holder of cone-like prism also functions as an aperture diaphragm. Furthermore, it is 
effective, if black painting is carried out or it is delustered It is good to use a formal aperture 
stop preferably. 

[0021] Incidence of the light which the outgoing radiation light from the light source was 
condensed in the ellipse mirror by the location near the secondary focus, and was equalized as 
about one flux of light with the condensing equalization means is carried out by this configuration 
to a liquid crystal optical element. In this case, it is possible by using cone-like prism and an 
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aperture diaphragm, or a cone-like reflector to equalize the luminous-intensity-distribution 
distribution of light by which outgoing radiation is carried out from an optical fiber as a 
condensing equalization means which is the component of a light guide means. And the optical 
fiber shutter for optical energy transmissions (lighting system) is offered, for example. 
[0022] 

[Function] According to this invention, the light guide also of the strong flux of light by which 
outgoing radiation was carried out from the light source, and the thick flux of light or the flux of 
light of single wavelength is carried out to a precision, and it is made to transmit to an optical 
fiber. In order that light may pass a liquid crystal solidification object complex layer twice at this 
time, the effectual scattering power of a transparency dispersion mold optical element improves. 
And by making an unnecessary normal reflected light component reduce positively, a noise 
component is made to reduce greatly and light with strong reinforcement is also correctly 
transmitted by low loss. Consequently, degradation of an extinction ratio and a dynamic range 
which were looked at by the conventional example is improved, and transfer control of light with 
strong reinforcement is attained. 

[0023] Moreover, without having direct effect on the light on an optical path until it results 
[ from the incidence to the liquid crystal optical element of light ] in outgoing radiation, when a 
heat regulator is formed in the rear face of a liquid crystal optical element, it becomes possible 
to carry out temperature control of the liquid crystal optical element compulsorily, and the 
electro-optics property of a liquid crystal optical element is stabilized extremely. Furthermore, 
precise transfer control of light with strong reinforcement can be attained. Hereafter, an example 
explains this invention concretely. 
[0024] 
[Example] 

(Example 1) The example 1 of this invention is shown in drawing 1 . As for the liquid crystal 
optical equipment of this invention, the ellipse mirror 12, the light source 11, and an aperture 
diaphragm 14 are used as light source optical system. In this example, the light source 11 is 
formed in the location almost near the 1st focus of the ellipse mirror 12, and the aperture 
diaphragm 14 is formed in the location almost near the 2nd focus of the ellipse mirror 12. The 
halogen lamp is used as the light source 11. Here, the filament part of a halogen lamp is installed 
in the location of the 1st focus, and the circular aperture diaphragm 14 is installed near the 2nd 
focus. Of course, the light-emitting part of a filament part has the volume which exists spatially, 
and is not the perfect point light source. 

[0025] The optical fiber 50 which outputs light is arranged, and are the side front of the liquid 
crystal optical element 30 and the liquid crystal optical element 30 which has the reflective mold 
mode of operation which performs light modulation, and a plano-convex lens 40 is formed in 
contact with the close outgoing radiation side of light, and the 1st becoming field. In contact with 
the 2nd field, a heat regulator 60 is formed in the background of the liquid crystal optical element 
30. and it consists of a drive circuit (illustration is omitted) which drives the liquid crystal optical 
element 30 further, an electrical circuit which carries out drive control of the heat regulator 60. 
[0026] This heat regulator 60 is located in the background of a substrate 32, and pastes up the 
heat sink in which the thermo sensor and the electrical heater were built Furthermore, the fan 
for air cooling was attached behind this heat regulator 60, and it could be made to carry out by 
the electrical heater and the fan for air cooling the temperature control, acting as the monitor of 
the temperature so that the liquid crystal optical element 30 may be maintained by laying 
temperature. Each of these components are dedicated to a case and cooled by air-conditioning 
by the fixed air flow. 

[0027] What bundled the fiber of the numerical aperture (N.A.) 0.57 which uses multicomponent 
system glass as a core with a diameter of 50 micrometers, and was used as the bundle fiber with 
a diameter of 5mm was used for the optical fiber 50 by the side of optical outgoing radiation. It 
arranges in the location at which the main normal reflected lights arrive, and the circular 
aperture diaphragm 14 and the core of the end face of an optical fiber 50 (bundle fiber) are 
respectively installed in physical relationship [ **** ] mutually optically near the focal location of 
a plano-convex lens so that light may carry out incidence by eight incident angles to liquid 
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crystal solidification object complex layer 30B of the liquid crystal optical element 30 
respectively. 

[0028] The focal distance is 50mm and the plano-convex lens 40 was pasted up on the 1st field 
(side front) of the liquid crystal optical element 30 with optical adhesives (illustration is omitted). 
Moreover, the coat of the antireflection film was carried out to convex surface 40a of a plano- 
convex lens 40, further, the black coating was applied to the form of the shape of a spot with a 
diameter of about 5mm, the light absorption object 70 was formed in the core, and reflection of 
the part was lost 

[0029] A suitable value exists with regards to the effective diameter of the optical fiber 50 which 
uses the formation location and area of a black coating, and the convex configuration of a lens. It 
is desirable to form in the normal reflective location of lens convex surface 40a in which the 
reflected light in the convex of a lens carries out incidence to the optical fiber by the side of 
outgoing radiation. Although a black coating is applied to a part of convex surface 40a of a lens, 
the light absorption object 70 is formed and the unnecessary interface reflective component is 
reduced in this example instead, irregularity may be formed in the same field, scatterer may be 
prepared, and unnecessary normal reflection may be reduced. 

[0030] The reflector of the ellipse mirror 12 was used as the cold mirror. The conjugate image 
corresponding to the effective diameter of the optical fiber 50 which is a bundle fiber makes the 
diameter of the aperture diaphragm 14 installed near the 2nd focus of the ellipse mirror 12 the 
configuration comparable as the conjugate image in the location by which image formation is 
carried out with reflexible flesh— side electrode 30C and the reflexible plano-convex lens 40 of 
the liquid crystal optical element 30. 

[0031] By this example, since the conjugate image was formed at the rate of actual size, 
specifically, opening with a same as an aperture diaphragm 14 diameter [ as an outgoing radiation 
side bundle fiber ] of 5mm was installed. Moreover, the glass filter which has the spectral 
characteristic which absorbs or reflects ultraviolet rays and a heat ray was installed in this 
opening so that the ultraviolet rays and the heat ray which are contained during lamp 
luminescence might not carry out incidence to a liquid crystal optical element 
[0032] Only the light which the light by which outgoing radiation was carried out from the light 
source 11 was condensed in the ellipse mirror 12, and passed the aperture diaphragm 14 
progresses to a plano-convex lens 40. Incidence is carried out from convex surface 40a of a 
plano-convex lens 40, and it is made to be refracted and progresses to the liquid crystal optical 
element 30. Furthermore, incidence is carried out to the liquid crystal optical element 30, and 
front electrode 30A in it and liquid crystal solidification object complex layer 308 are passed, and 
it reflects here in un-^ransparence flesh-side electrode 30C which is also an electrode and is 
also a light reflex means while remaining. 

[0033] And liquid crystal solidification object complex layer 308 and front electrode 30A are 
passed again, a plano-convex lens 40 is passed further, and outgoing radiation is carried out from 
the convex surface 40a, and it is refracted and goes to the optical incidence edge of optical fiber 
50 **. And it converges mostly in the location of this optical incidence edge, and incidence is 
carried out to an optical fiber 50. Next it outlines about the configuration of the liquid crystal 
solidification object complex used by this invention. 

[0034] In the liquid crystal optical element in this invention, the liquid crystal display component 
which pinched the liquid crystal solidification object complex with which distributed maintenance 
of the nematic liquid crystal was carried out into the solidification object matrix is used. It is 
desirable to use the liquid crystal solidification object complex it was made mostly in agreement 
[ complex ] with the Tsunemitsu refractive index (no) of the liquid crystal which distributed 
maintenance of the nematic liquid crystal which has a forward dielectric anisotropy especially is 
carried out into a solidification object matrix, and the refractive index of the solidification object 
matrix uses. And liquid crystal solidification object complex is pinched between substrates with 
the electrode of a pair. 

[0035] no of a nematic liquid crystal When the refractive-index anisotropy which is a difference 
with an extraordinary index (ne) is set to **n, as for ♦*n, it is desirable that it is 0.18 or more. 
Moreover, in order to obtain scattering power with a high liquid crystal solidification object 
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complex layer to the specific wavelength lambda (micrometer), it is desirable that the mean 
particle diameter R of liquid crystal (micrometer) has gathered according to the wavelength. In 
fact, it is desirable to fill the relation of ** n-R**lambda. 

[0036] Therefore, when modulating the light of the wavelength band (lambda=0. 4-0.7 
(micrometer)) of the light using the bundle fiber for optical energy transmissions, in order for the 
scattering power in a liquid crystal solidification object complex layer to become homogeneity 
mostly in a full wave length region, it is desirable to be distributed over the range in which the 
mean particle diameter R of liquid crystal fills the relation of 0.4<**n-R<0.7. 

[0037] When, using the light of the semiconductor laser diode of a nonHight region, or the single 
wavelength of the near-infrared wavelength region (lambda=0.8-1.6 (micrometer)) of LED as a 
light on the other hand using the single track fiber for optical communication, or when using for 
optical measurement the light of the single wavelength of the helium-Ne laser which is the laser 
of a light oscillation, or semiconductor laser, the mean particle diameter R of liquid crystal has 
the desirable structure with little particle size distribution where ** n-R**lambda is filled. 
[0038] As for the substrate with this electrode, that by which the electrode was prepared on 
substrates, such as glass, plastics, and a ceramic, is used. The configuration could be fixed and a 
substrate may be a flexible substrate like plastic film. Moreover, the substrate which has the 
spectral characteristic which absorbs or reflects ultraviolet absorption, infrared absorption, or an 
unnecessary wavelength component may be used. 

[0039] A transparent ingredient is used for the substrate by the side of plane of incidence at 
least in this invention. Glass is suitable for forming few still flatter and optical distorted substrate 
sides. 

[0040] Between the substrates of a pair with an electrode, liquid crystal solidification object 
complex is pinched, respectively. Electric field occur by impression of an electrical potential 
difference, this liquid crystal solidification object complex changes the orientation of a liquid 
crystal molecule according to that electric field, and the refractive index of the liquid crystal in 
liquid crystal solidification object complex changes. When the refractive index of the solidification 
object matrix is mostly in agreement with the refractive index of liquid crystal, light penetrates, 
and light is scattered about when not in agreement. Since the liquid crystal optical element using 
this liquid crystal solidification object complex does not use the polarizing plate, an optical 
modulator with little optical loss is obtained. 

[0041] The liquid crystal solidification object complex which specifically consists of a 
solidification object matrix by which a large number formation of the hole fine as a liquid crystal 
display component was carried out, and a nematic liquid crystal with which the part of the hole 
was filled up is used. This liquid crystal solidification object complex is pinched between 
electrode substrates. The refractive index of the liquid crystal changes and the relation between 
the refractive index of a solidification object matrix and the refractive index of liquid crystal 
changes with the impression conditions of an electrical potential difference inter-electrode 
[ the ]. When these both refractive index is mostly in agreement, it will be in a transparency 
condition, and when refractive indexes differ, a liquid crystal optical element which will be in a 
dispersion condition can be used. 

[0042] The liquid crystal solidification object complex which consists of a solidification object 
matrix by which a large number formation of this fine hole was carried out, and liquid crystal with 
which the part of that hole was filled up is the structure by which liquid crystal was confined in a 
liquid bubble like a microcapsule. However, each microcapsule does not need to be independent 
completely and the liquid bubble of each liquid crystal may be open for free passage through a 
slit like a porous body. Furthermore, the degree of a free passage may be high and in the 
condition which liquid crystal is opening for free passage in the shape of a stitch is sufficient. 
[0043] The liquid crystal solidification object complex used for this invention is the following, and 
is made and manufactured. A nematic liquid crystal and the hardenability compound which 
constitutes a solidification object matrix are mixed, and it is made the shape of the shape of a 
solution, and a latex. Subsequently, what is necessary is for photo-curing, heat curing, hardening 
by solvent removal, reaction hardening, etc. to carry out this, to separate a solidification object 
matrix, and just to take the condition that the nematic liquid crystal distributed in the 
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solidification object matrix. 

[0044] Since the hardenability compound to be used can be hardened within a sealing system by 
making it photo-curing or a heat-curing type, it is desirable. When a photo-curing type 
hardenability compound is used especially; it cannot be influenced by heat, can be made to 
harden for a short time, and is desirable. 

[0045] After forming a eel using a sealant like the conventional usual nematic liquid crystal as a 
concrete process, pouring in non-hardened mixture [ compound / a nematic liquid crystal and / 
hardenability ] from an inlet and closing an inlet, it can heat whether an optical exposure is 
carried out and can also be made to harden. 

[0046] Moreover, in the case of the liquid crystal optical element in this invention, not using a 
sealant, non— hardened mixture [ compound / a nematic liquid crystal and / hardenability ] can be 
supplied on the substrate which prepared the reflector as a counterelectrode, and the substrate 
which prepared another transparent electrode can also be stiffened by optical exposure etc. in 
piles after that. 

[0047] Of course, after that, a sealant may be applied on the outskirts and the seal of the 
circumference may be carried out. According to this process, in order for what is necessary to 
be just to only supply a roll coat, a spin coat, printing, spreading according non-hardened mixture 
[ compound / a nematic liquid crystal and / hardenability ] to a dispenser, etc., an impregnation 
process is simple and productivity is very good 

[0048] Moreover, into non— hardened mixture [ compounds / these / nematic liquid crystals and 
hardenability compounds ], spacers, such as a ceramic particle for substrate gap control, a 
plastics particle, and a glass fiber, a pigment, coloring matter, a viscosity controlling agent, and 
the other additives that do not have a bad influence on the engine performance of this invention 
may be added. 

[0049] As mentioned above, although the manufacture approach by the photopolymerization 
method was shown, microencapsulation liquid crystal can be formed also by the emulsion 
method. Moreover, the liquid crystal solidification object complex to which capsule particle 
diameter was mostly equal can also be formed using micro porous glass by pressing out a liquid 
crystal ingredient in the liquid of a capsule ****** ingredient from an almost uniform glass hole. 
[0050] Below, the internal structure of the liquid crystal optical element 30 is explained. Front 
electrode 30A located in a 1st field (optical ON outgoing radiation side) side consists of 
transparent electrodes, such as UO. And it is a side front substrate and frosting processing of 
the ITO interface of the glass substrate 31 is carried out beforehand. The irregularity formed of 
frosting processing should just be a configuration which reduces that the normal reflection by 
the interface finally reaches the optical fiber 50 by the side of outgoing radiation. Therefore, the 
irregularity of the shape of a rectangle in which many fields parallel to reflector 30C exist is 
unsuitable, and its irregularity of ** (serrate) which is the aggregate of the slant face which has 
a tilt angle is desirable. 

[0051] Although this tilt angle is related to the effective diameter of an aperture diaphragm 14 
and an optical fiber 50, the optical incident angle to flesh-side electrode 30C which is a reflector, 
etc., generally as unnecessary interface reflection as the irregularity of the shape of sharp ** is 
removed, so that a tilt angle is perpendicularly near. However, since surface area increases so 
that an acute angle, the rate of interface reflection increases and the transmitted light which can 
be used decreases. Therefore, the irregularity of the shape of ** with many inclination 
components which do not cause the remarkable decline in permeability but can reduce 
unnecessary interface reflection is desirable. 

[0052] Moreover, in the property of the amount of transmitted lights over applied voltage, like 
[ in the case of an on-off control action ], when a sharper standup is needed, concavo-convex 
magnitude (pitch) is so desirable [ as a display device in this liquid crystal optical equipment, 
since the homogeneity of the property within a field is not required the constraint about 
concavo-convex magnitude (pitch) is not so severe, but ] that it is small. It is more desirable to 
make it into a big value, concavo-convex pitch, i.e.. depth, and for the thickness of a liquid 
crystal solidification object complex layer to distribute on the other hand, since the property of 
the amount of transmitted lights over gently-sloping applied voltage is required for application of 
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the dimmer which wants to control the middle quantity of light finely. 

[0053] Specifically, concavo-convex magnitude (pitch) has desirable about 2-200 micrometers. 
The concavo-convex depth Rz (ten-point average of roughness height) About 0.1-10 
micrometers is desirable. Toothing voice reduces [ since, as for the case of rectangle-like 
irregularity, the area of a normal reflector is changeless / a part for interface reflective noise 
Mitsunari which carries out incidence to an outgoing radiation side fiber ] therefore has desirable 
** (serrate). 

[0054] in order to reduce further the interface reflectivity produced between the transparent 
electrodes and liquid crystal solidification object complex layers which were formed on the 
concave convex — a transparent electrode layer top — Si02 MgF2 etc. — it is desirable to 
form a low refractive-index layer as an antireflection film. 

[0055] Moreover, un-transparence flesh-side electrode 30C which used also [ reflector ] and 
formed the aluminum film was formed on the glass substrate 32. The light reflex means which 
consists of liquid crystal solidification object complex layer 306 and flesh-side electrode 30C 
which achieve the function of light modulation by this configuration was able to make it stick. 
The dielectric multilayer reflecting mirror which also made flesh-side electrode 30C 
transparence, and carried out the laminating of the dielectric film with which refractive indexes 
differ relatively by the thickness of light wave length extent can be prepared in piles, and it can 
also consider as a light reflex means. 

[0056] In this case, since it is hard compared with the aluminum reflective film, even if it uses 
the spacer for gap control of a liquid crystal solidification object complex layer, endurance 
surpasses that it is hard to attach a blemish. Moreover, while being able to design a reflection 
factor and a reflected wave length band to arbitration by changing the film configuration of 
dielectric multilayers, about 100% of high reflection factor is also obtained. 

[0057] Incidence of the visible ray emitted from a halogen lamp is carried out to the liquid crystal 
optical element 30 through a reflecting mirror 14. And the alternating voltage which makes a 
100Hz square wave a subcarrier was impressed to inter-electrode [ of a liquid crystal optical 
element ], and the liquid crystal optical equipment which has a modulated light function was 
obtained by modulating an effective voltage value by the external circuit, and changing the 
transparency dispersion condition of a liquid crystal optical element. The optical property of the 
liquid crystal optical equipment of this invention used combining an optical fiber, a plano-convex 
lens, the liquid crystal optical element of a transparency dispersion mold, etc. in this way was 
measured. The result was summarized in Table 1 . 

[0058] In Table 1, relative light transmittance makes the example of a comparison 100%. 
measurement — constant temperature — it is carried out within a degree tub and temperature 
shows not the temperature of the liquid crystal optical element itself but the ambient 
temperature of liquid crystal optical equipment The measured extinction ratio shows the range 
of the applied-voltage value of the liquid crystal optical element in a 0 to 40 degrees C 
temperature requirement, and the light value ratio of the optical fiber 50 by the side of the 
outgoing radiation to OV and 30V. As an example of a comparison, the ITO electrode surface by 
the side of the optical incidence of a liquid crystal optical element was formed into the flat side, 
same optical property evaluation was performed about the thing of a configuration of not giving a 
black-lacquered light absorption object to the convex of a plano-convex lens, and the result was 
indicated. 
[0059] 
[Table 1] 
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[0060] From this result, while there has almost been no optical loss by the configuration of this 
invention, the improvement in fast of an extinction ratio and repeatability of operation are 
improved. Therefore, by using the liquid crystal optical equipment of this invention as a dimmer 
etc., adjustment of the outgoing radiation quantity of light corresponding to an applied-voltage 
value does not almost have quantity of light loss, and can carry out to a high speed arbitrarily. 
[0061] Moreover, the optical outgoing radiation edge of the optical fiber by the side of outgoing 
radiation is turned to an illuminated object, and the liquid crystal optical equipment of this 
invention installs it, and when carrying out optical high measurement of a S/N ratio by the lock- 
in amplifier, it can use the electrical signal of photodetectors, such as the photomultiplier tube 
and Si photodiode, as a required fiber type light chopper. Compared with a conventional pivoted 
window type chopper or a conventional oscillatory type chopper, small and high-speed optical 
chopping becomes possible. 

[0062] Moreover, by incorporating with the image storage of image metering devices, such as a 
CCD camera, making it synchronize with timing, and carrying out the high-speed shutter ring of 
the liquid crystal optical element, high image measurement of a S/N ratio is attained, in 
application of obtaining the binarization processing image of the image after image measurement, 
a shape recognition, etc., it is highly precise, and high-speed processing is attained. 
[0063] Moreover, when using the liquid crystal optical equipment of this example as a lighting 
system, generally a dark part tends to produce the light which outgoing radiation is carried out 
from a bundle fiber, and is emitted in the shape of a cone in an optical-axis core. This is because 
the light of the include-angle field of 10~degree or less extent runs short to an optical axis 
among the light which luminescence of the light source is the effect of the shade produced by 
the lamp tube wall or the filament, and carries out incidence to an aperture diaphragm, in order 
to improve such heterogeneity, it is effective to install cone-like prism or a cone-like reflector in 
an aperture-diaphragm location (the secondary focus of an ellipse mirror prepared in a light 
source system — for a location to be corresponded to mostly), and to supply light to the 
include-angle field of 10-degree or less extent to an optical axis. This can attain equalization of 
the flux of light. 

[0064] The configuration of the cone-like prism used here or a cone-like reflector becomes 
settled to the illuminance homogeneity of the exposure side to need with regards to luminous- 
intensity-distribution distribution of the light source, an ellipse mirror configuration, the focal 
distance of a plano-convex lens, its effective diameter, etc. When using cone-like prism, it is the 
concave cone-like prism whose convex cone object-like prism or vertical angle phi whose 
vertical angle theta by the side of the optical outgoing radiation is 90 degrees - 175 degrees is 
185 degrees - 270 degrees, and, specifically, it is good to use with an aperture diaphragm (for 
the function that the electrode holder a formal aperture stop or for installation is also almost 
equivalent to be achieved). 

[0065] An unnecessary light is removed by the aperture diaphragm and it is collected into 
equalization of the flux of light, and the one flux of light by cone-like prism. Since it is desirable 
to make it the size according to the aperture of the optical fiber for outgoing radiation used, the 
size of the flux of light is good to prepare the aperture diaphragm of a suitable dimension etc. 
[0066] In the optical-communication field etc., when only the total light value of fiber outgoing 
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radiation light is needed and there is no constraint about the luminous-intensity-distribution 
angular distribution, it is equal, and when the incident light to a liquid crystal optical element is 
uniform, the orientation distribution of light by which outgoing radiation is carried out from the 
diameter of the light source does not need to install the component for equalization especially, 
and is good at an aperture diaphragm or a monotonous reflecting mirror. 

[0067] On the contrary, distribution is [ whenever / orientation angle / of fiber outgoing radiation 
light ] uneven, and when the exposure section serves as ununiformity quantity of light 
distribution and poses a problem as a lighting system according to it, homogeneity distribution 
improves by using cone-like prism or a cone-like reflector. In the light source system using the 
ellipse mirror especially shown in the example as a converging mirror, since it is easy to produce 
a shadow in a core, cone-like prism or a cone-like reflector is effective. If cone-like prism is 
used combining an aperture diaphragm, a still better result will be obtained. 

[0068] Moreover, when using a cone-like reflector, it is desirable that it is the concave reflector 
whose convex reflector or vertical angle gamma whose vertical angle beta of a reflector is 1 50 
degrees - 177 degrees is 183 degrees - 210 degrees. Since the effective reflector product of 
itself achieves the same diaphragm function as an aperture diaphragm, this cone-like reflector is 
simple. 

[0069] Although cone-like prism is not used near the secondary focus location, if this cone— like 
prism is further used together in this example When what was about 30% of the maximum 
illuminance within an exposure side forms the convex cone object-like prism whose vertical 
angle theta is 120 degrees, the illuminance in the optical-axis core of an optical fiber exposure 
side The illuminance in the optical-axis core of an exposure side turned into the maximum 
illuminance, the illumination distribution which carries out gently-sloping reduction was acquired 
in the radius vector direction, and illuminance homogeneity good as a lighting system with a high- 
speed modulated light function was acquired. 

[0070] Moreover, when a plano-convex lens is used as a condensing means, it is desirable to 
paste up the convex of a lens with the binder with which air was faced and refractive-index 
matching was able to take the flat side to the glass substrate side of a liquid crystal optical 
element At this time, the curvature part which produces and cheats out of the unnecessary 
normal reflection which surely carries out incidence to an outgoing radiation side optical fiber in 
the interface of the convex of a lens and air exists. If a light absorption object is prepared only in 
a part for this curvature surface part or the detailed irregularity for normal reflective reduction is 
formed, this interface reflection will be reduced. 

[0071] Since the area in which a light absorption object is formed here is minute, the 
transmissibility of the light as the whole liquid crystal optical equipment is hardly influenced. 
Moreover, metallic reflection mirrors, such as aluminum, are sufficient as a reflector, and an 
optical interference multilayers reflecting mirror is sufficient as it. In the case of the former, in 
order that a reflector may serve also as an electrode, manufacture is easy, and a liquid crystal 
optical element can be constituted without complicating structure. In the case of the latter, it is 
also possible to form the cold mirror which has the spectral characteristic which penetrates a 
heat ray and reflects only the light by the configuration of optical interference multilayers, and it 
has the degree of freedom which can also form the mirror of 100% of reflection factors to the 
specific semiconductor laser wavelength used by optical communication. 

[0072] By considering as the arrangement configuration of the light source optical system, the 
condensing means and liquid crystal optical element like this example, and the optical fiber for an 
output, the transfer loss to the bundle fiber which constitutes an optical fiber decreased, and the 
higher optical equipment of efficiency for light utilization was obtained. It became possible to use 
the light source of the large quantity of light especially, and it is low loss and precise optical 
control was attained. 

[0073] In this example, although the bundle fiber was used as an optical fiber, a single fiber with 
big aperture is sufficient Since there is no flexibility when the core section with a diameter of 
about 5mm is formed with glass, the structure which makes a clad air by using plastics and 
translucency rubber as a core is sufficient In order to prevent the dirt of an interface with air, it 
is desirable to apply the fluororesin of a low refractive index to a front face. 
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[0074] Although photoconductive close effectiveness is bad since the occupancy area of the 
core part which light actually transmits is as low as 50 - 80% in the case of a bundle fiber, in the 
case of such a diameter core fiber of single track macrostomia, photoconductive close 
effectiveness is as high as 90% or more. 

[0075] (Example 2) An example 2 is shown in drawing 2 . The liquid crystal optical equipment in 
this example has the almost same configuration as an example 1. The description here is that 
some interfaces of a liquid crystal optical element equipped with the function which has a 
reflective mold mode of operation and modulates light are slanting to an optical axis. Specifically, 
only whenever [ predetermined tilt-angle / alpha ] is formed [ the liquid crystal solidification 
object complex layer ] for the inclination to the perpendicular and flat light reflex means 90 to 
the symmetry axis of incident light and the reflected light 

[0076] The field of transparent two front electrode 30A which consists of ITO of a liquid crystal 
table optical element etc., and flesh-side electrode 30C is flat. And it is arranged so that the 
unnecessary reflected light generated from the interface of the liquid crystal solidification object 
complex layer SOB may carry out incidence to the optical fiber 50 by the side of outgoing 
radiation, and may not cause degradation of an extinction ratio, and liquid crystal solidification 
object complex layer SOB may incline to an optical path. 

[0077] alpha should just be a value to which the normal reflection by that interface reduces 
reaching the optical fiber 50 by the side of outgoing radiation finally whenever [ this tilt-angle ]. 
What is necessary is just to specifically make the tilt angle alpha of liquid crystal solidification 
object complex into the big value from the point on the reflector in a light reflex means to the 
prospective angle when expecting the effective radius (it being the effective radius of the whole 
bundle fiber in the case of a bundle fiber) of an optical fiber. 

[0078] Since the core diameter is as thin as 200 micrometers or less, the range of alpha of 0.1 
degrees - 10 degrees is [ whenever / tilt-angle ] desirable in the case of the single track fiber 
for optical communication. Since it uses as a bundle fiber in the case of the fiber for optical 
energy transmissions, and the diameter of a fiber of the optical transmission section is as thick 
as about 2-20mm, 1 degree - about 20 degrees of alpha are [ whenever / tilt-angle ] on the 
other hand, desirable. 

[0079] Furthermore, although the interface reflected light is removed also when it considers as 
whenever [ big tilt-angle ], the light which carries out incidence from across becomes most at a 
liquid crystal solidification object complex layer, and effectual permeability falls that it is easy to 
produce Hayes accompanying index mismatching at the time of transparence. Moreover, since a 
liquid crystal optical element will become thick and the magnitude and weight of the whole 
equipment will increase if alpha becomes large whenever [ tilt-angle ], limiting to the above- 
mentioned range is [ whenever / tilt-angle ] desirable [ alpha ]. 

[0080] In this example, since the effective radius of the bundle fiber 50 is 2.5 mm and the 
distance to a reflector 90 is about 50mm, a prospective angle becomes about 3 degrees. 
Therefore, it is enough if the tilt angle alpha of liquid crystal solidification object complex is made 
into 5 degrees in this case. 

[0081] Light is reflected by the light reflex means 90 formed in the tooth back of a liquid crystal 
optical element. This is good at the aluminum film or other metal membranes. Or the cold mirror 
using the optical interference multilayers which reflect the light and penetrate infrared light is 
sufficient. 

[0082] A heat regulator 60 can be formed in the flat side on the background of the light reflex 
means 90. Or after forming in the side face of prism 80 in which it has a small vertical angle 
corresponding to alpha whenever [ tilt-angle / to make / of liquid crystal solidification object 
complex layer SOB and the light reflex means 90 ], as a reflector, the liquid crystal optical 
element SO and a heat regulator 60 may be pasted with optical adhesives. In order not to reduce 
permeability, the adhesion method which used the latter prism 80 is desirable. 
[0083] In this example, in order to perform a temperature control to accuracy more and to 
secure the repeatability of an optical property also to large environmental temperature, the cold 
mirror was formed as a light reflex means 90, and the heat sink where the Peltier device and 
temperature sensor of electronics control were embedded as a heat regulator 60 was used. 
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[0084] When the configuration of an example 2 estimated the optical property, in the large 
environmental temperature of -20 to 80 degrees C, the property of an extinction ratio 350 was 
always shown, and the result of having been stabilized by the applied-voltage pair optical output 
property to the temperature change in coincidence was obtained. Moreover, compared with the 
aluminum reflecting mirror, since the reflection factor was high about 10%, the direction of a cold 
mirror of relative light transmittance was a high value compared with the example 1 of a 
comparison. 

[0085] (Example 1 of reference) The example 1 of reference is shown in drawing 3 . In this 
example, an optical fiber is used for the both sides of I/O of light, and the edge of each optical 
fiber by the side of incidence and outgoing radiation is arranged near the center of curvature of 
the condensing means in an optical path. The conventional example Oiquid crystal optical 
equipment which has two optical fibers shown in drawing 7 ) and basic arrangement which 
mentioned this arrangement above serve as almost same configuration. It is made to stick a 
plano-convex lens 40 to the side front of the liquid crystal optical element 30 through a glue line. 

[0086] In this example 1 of reference, irregularity is prepared in the interface of one electrode 
30A of the liquid crystal optical element 30. With this irregularity, unnecessary interface 
reflection of a liquid crystal optical element is removable. It is prepared almost in parallel by 
liquid crystal solidification object complex 30B and un-transparence flesh-side electrode 30C 
which is a light reflex means. 

[0087] Furthermore, in the liquid crystal opticar equipment of the example 1 of reference, it has 
composition which can carry out forcible temperature control of the liquid crystal optical 
element from a reflector side like examples 1 and 2. As a compulsive temperature control 
method, it equips with a heat sink and cools with an air cooling fan. Or it can equip with a Peltier 
device, an electrical heater, and a temperature sensor, and temperature control of heating and 
the cooling can also be performed and carried out so that it may be maintained by fixed 
temperature. 

[0088] (Example 2 of reference) The example 2 of reference is shown in drawing 4 . Unlike the 
example 1 of reference, this liquid crystal optical equipment is made into the field where an 
electrode surface is flat In this case, it is also possible to paste a reflector, after using not a 
glass substrate but a PET film with ITO for a substrate and forming a transparency mold 
component 

[0089] What is necessary is to just be mostly condensed by the location of the optical incidence 
edge of the optical fiber 52 for outgoing radiation which the light by which an aspheric lens is 
sufficient as and outgoing radiation was carried out from the optical fiber 51 for one incidence as 
a plano-convex lens 40 in addition to the spherical lens converges with the plano-convex lens 40 
which is a condensing means, and has it in a conjugation-location in these examples of 
reference. The black coating of the shape of a spot with a diameter of about 1 mm was applied to 
the core of a liquid crystal display component, the light absorption object 70 was established, 
and reflection of the part was lost so that interface reflection with the liquid crystal optical 
element 30 and the external worlds (filler gas inside air or a case etc.) might carry out incidence 
to the optical fiber 52 by the side of outgoing radiation and might not cause degradation of an 
extinction ratio. 

[0090] Moreover, in order to raise permeability, the coat of the antireflection film has been 
carried out to convex surface 40a of a plano-convex lens 40. Also in these examples of 
reference, the heat sink was pasted up and the temperature control was performed by the same 
approach as an example 1. 

[0091] When the configuration of the example 1 of reference and the example 2 of reference 
estimated the optical property, the example 1 and the evaluation result of an extinction ratio 
good almost similarly were obtained. In the above explanation, although it is pasting up and 
unifying after separating and producing a liquid crystal optical element and a plano-convex lens, 
electrodes, such as ITO, are directly formed in the flat side of a plano-convex lens, and it is 
good also considering itself as a counterelectrode substrate of one of the two of a liquid crystal 
display component 
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[0092] (Example 3 of reference) Although it was the almost same configuration as the example 2 
of reference of drawing 4 , the plastics aspheric surface plano-convex lens whose effective 
diameter the focal distance of the plano-convex lens which is a condensing means using the 
single track optical fiber for optical-communication information transmissions instead of the 
bundle fiber for energy transmission about the optical fiber by the side of incidence and outgoing 
radiation is 20mm, and is 10mm was used. Measuring area of a liquid crystal optical element was 
made into the larger configuration than the measuring area of a plano-convex lens. 
[0093] The single track optical fiber used the compound glass fiber whose core which is the 
optical transmission section is the diameter of 200 micrometers. Moreover, the black painting of 
about 0.5 mm was formed in the center section of the convex of a plano-convex lens as a light 
absorption object Other configurations presupposed that it is the same as the example 2 of 
reference. The used light source is semiconductor laser with an oscillation wavelength of 850nm, 
the dielectric multilayer reflecting mirror whose reflection factor of 850nm is 100% was formed in 
the reflector upwards, and the ITO film is formed as a transparent electrode. 
[0094] As a result of this configuration's estimating an optical property, the property which an 
extinction ratio calls 5000 and a speed of response always calls 3msec(s) with the large 
environmental temperature of -20 degrees C - 80 degrees C was shown, and the result of having 
been stabilized by the applied-voltage pair optical output property to the temperature change in 
coincidence was obtained. 

[0095] Thus, while there has almost been no optical loss by the configuration of the example of 
reference, the improvement in fast of an extinction ratio and stability are attained. Therefore, 
even if it is liquid crystal optical equipment of the example of reference, adjustment of the 
outgoing radiation quantity of light corresponding to an applied-voltage value can carry out to a 
high speed arbitrarily [ there is no quantity of light loss and ] by using as a good light variation 
attenuator for optical communication. 

[0096] (Example 3) The block diagram of overall arrangement of an example 3 is shown in 
drawing 5 . the liquid crystal optical element 30 — the part — the expanded sectional view is 
shown. Although the basic configuration of a light source system was the same as the example 1 , 
150W and a metal halide lamp with an arc length of 5mm were used as the light source. 
Moreover, in the opening location of an aperture diaphragm 14, the diameter of 10mm and the 
cone-like reflector 13 by which the cold mirror was formed by the side face of cone-like prism in 
which the vertical angle beta was 160 degrees have been arranged, and two bisectrices of a 
vertical angle leaned 30 degrees of opticals axis, and have arranged. By using such a cone-like 
reflector 13, the illumination distribution of the incident light to the liquid crystal optical element 
30 was equalized. 

[0097] The liquid crystal optical element 30 in this example is considered as the electrode 
configuration which can impress and drive an electrical potential difference for every electrode 
pair with which it was divided into plurality so that the electrode which counters might become 
the same configuration, and each was divided. Moreover, a plano-convex lens is arranged by 1 to 
1 in the shape of an array, and is made to stick to the front-face side of a liquid crystal optical 
element through a glue line for every electrode pair. Incidence is carried out to liquid crystal 
solidification object complex layer 30B by which the light which carried out incidence to the 
liquid crystal optical element was pinched by each electrode pair through each plano-convex 
lens from the optical light source system of the same configuration as an example 1. 
[0098] It is reflected with the light reflex means (it is made to serve a double purpose for flesh- 
side electrode itself, or the reflector of dedication is formed in the background) formed in one 
electrode side (background) of liquid crystal solidification object complex layer 308, and the 
reflected light is condensed by different location through the again same liquid crystal 
solidification object complex layer 308 and each plano-convex lens, and two or more generation 
of the conjugate image of the aperture diaphragm of the light source system corresponding to 
the number of plano-convex lenses is carried out. Since this conjugate image dissociates 
respectively and is formed corresponding to the number of each plano-convex lens, a 
condensing point is generated only for the number of electrode pairs divided as a result, 
[0099] Two or more optical fibers which have an effective diameter corresponding to the 
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magnitude of a conjugate image at the condensing point that two or more of these conjugate 
images are formed are installed in an optical outgoing radiation side. Therefore, by controlling 
independently the high-frequency voltage impressed between each electrode pair, the dispersion 
condition of liquid crystal solidification object complex layer 30B between each electrode pair 
changes independently respectively, and can control independently the outgoing radiation 
quantity of light of two or more optical fibers by the side of outgoing radiation. 
[0100] In this example, seven-piece (one core, six peripheries) contiguity of the electrode pair of 
a forward hexagon was carried out, it has been arranged, the electrode substrate which wired so 
that electrical-potential-difference impression could be carried out independently was prepared, 
front electrode 30A by the side of optical incidence considered as the frosting side in which the 
same irregularity as an example 1 was formed, and another flesh-side electrode 30C was taken 
as the aluminum electrode to serve also as a reflector. 

[0101] And carried out impregnation exposure of the ingredient of the same liquid crystal 
solidification object complex as an example 1, the solidification object was made to harden, and 
the liquid crystal optical element 30 of a transparency dispersion mold was formed. Furthermore, 
the array of a plano-convex lens with a focal distance of 80mm was pasted up on each electrode 
pair with the forward hexagon corresponding to the configuration, and black painting with a 
diameter of about 2mm was given to the core of the convex of a lens as a light absorption object 
70. 

[0102] The top view which saw from the top the component with which the array of a liquid 
crystal optical element and a plano-convex lens was united is shown in drawing 6 . a part of 
liquid crystal optical element 30 shown in drawing 5 — an expanded sectional view corresponds 
to the cutting plane of A-A'. In addition, the heat regulator 60 was considered as the same 
configuration as an example 1. 

[0103] The distance of the cone-like reflector 13 of a light source system and the liquid crystal 
optical element 30 was taken about 120mm, and it has arranged so that about 10 degrees of 
opticals axis of the light which carries out incidence to the liquid crystal optical element 30 may 
incline. When the liquid crystal optical element 30 was transparence, the conjugate image of a 
cone-like reflector side was formed in the liquid crystal optical element and the location distant 
60mm as a round shape of seven about 5mm diameters of the array of a plano-convex lens with 
a focal distance of 80mm, and the reflector of a liquid crystal optical element. A total of seven 
optical fibers with a diameter of 6mm was installed in each conjugate-image location. 
[0104] The optical fiber used here used as the core of a 6.5 mm diameter the object into which 
the elastomer made from translucency silicone resin was processed in the shape of a rod, and 
what covered the fluororesin of a low refractive index as a clad on the periphery was used for it. 
Since an optical transmission loss becomes large compared with the bundle fiber which bundled 
and used the textile-glass-yarn optical fiber by using such a single track optical fiber, it is not 
suitable for long-distance transmission, but since core area can take greatly, and 
photoconductive close effectiveness is high, in the optical energy transmission which is 10m or 
less extent, low cost-ization of the whole transmission efficiency is attained highly. 
[0105] While dividing the outgoing radiation light from the single light source into plurality 
efficiently and being able to carry out the light guide with the optical fiber by using the liquid 
crystal optical equipment of this example, the light of the quantity of light of the light by which a 
light guide is carried out with each optical fiber was able to be independently stabilized and 
modulated at the high speed. Therefore, if the liquid crystal optical equipment of this example is 
carried in an automobile, from the single light source, two or more optical fibers can divide, a 
light guide can be carried out, and it can use as a head lamp, a tail lamp, a tonneau light, and the 
light source for instrument panels. Moreover, it has a function suitable for the dynamic 
production of stage lighting or inside-of-a-shop lighting. 

[0106] In the liquid crystal optical equipment of this example, modulated light of each colored 
light or modulated light of the color of arbitration is attained by combining the light from the 
single light source with color separation or the function which carries out color composition 
using a dichroic mirror. 

[0107] Moreover, constitutionally, since [ of this invention ] a heat regulator can be installed in 
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one side of a liquid crystal optical element, by compulsory temperature control, it can maintain 
now at the temperature by which the optimal characteristics of a liquid crystal optical element 
are always discovered regardless of the quantity of light and the wavelength band which are 
used, or perimeter environmental temperature, and the stable modulated light or the stable 
optical shutter ring is obtained. 

[0108] As mentioned above, although the example was explained, an approximate account is 
performed about the magnitude of each part etc. next. In transmitting light energy, a halogen 
lamp, a metal halide lamp, Xe lamp, etc. are used as the light source, and in order for all to 
condense efficiently using a condensing means and for luminescence length to do a light guide to 
a fiber about 2-1 0mm for a certain reason, the fiber diameter of about 3-1 0mm is needed. 
[0109] Moreover, the magnitude of the light source has the width efface of 10-30cm (500W- 
3kW) extent from die length of 3-1 0cm (10W - 500W class), and the magnitude of a converging 
mirror will also be doubled according to the classification of the light source. Although the 
magnitude of a liquid crystal optical element is decided according to N.A. of the magnitude, for 
example, the focal distance and effective diameter, and the fibers of the condensing means to be 
used (an ellipse mirror, lens, etc.) etc., when using the above-mentioned light source, the thing of 
about 1-30cm of vertical angles is about used for it In this invention, a high property can be 
attained irrespective of the magnitude of a liquid crystal panel. 

[0110] In using for the purposes, such as a communication link and optical measurement, the 
incidence aperture of light is 1mm or less, and the diameter is set to 1cm or less even if it uses 
a lens, since the emission light of laser die auto or LED is condensed. Since the optical 
transmission section core diameter of the single track fiber for optical communication is 200- 
micrometer or less extent, the magnitude of a liquid crystal optical element is set to about about 
1-5cm. Since semiconductor laser light etc. is used, light serves as almost single wavelength. 
Even in this case, the actuation by which the quantity of light was relatively stabilized with 
precise control as it is small is guaranteed. 

[01 11] (Example 4 of reference) The example 4 of reference is shown in drawing 8 . It is what 
improved further the example equipped with alpha whenever [ tilt— angle / which was mentioned 
above ], and is the example which gave whenever [ tilt-angle ] to the liquid crystal optical 
element using two wedge-shaped prism objects, and made parallel mostly the reflector and the 
flat side of a plano-convex lens. The property equivalent to the example mentioned above was 
acquired. 
[0112] 

[Effect of the Invention] According to the liquid crystal optical equipment of this invention, with 
the liquid crystal optical element and light reflex means which can control a dispersion condition 
and a transparency condition electrically, the condensing means, etc.. in order to make the light 
modulation part of a liquid crystal optical element pass twice the light by which outgoing 
radiation was carried out from the light source, compared with the case where it penetrates only 
once, effectual scattering power improved by leaps and bounds. 

[0113] Moreover, as an unnecessary normal reflected light reduction means [ whether irregularity 
is formed in the interface of a liquid crystal solidification object complex layer and a transparent 
electrode, and ] or to the pan which does not make parallel a liquid crystal solidification object 
complex layer and a reflector, but attaches an inclination By preparing a light absorption object 
in the interface reflector part which carries out incidence to a direct optical fiber without passing 
a liquid crystal solidification object complex layer in a component interface with air, the 
unnecessary interface reflected light which is the main factor of background noise has been 
reduced. Consequently, improvement in the extinction ratio in the good modulation light function 
according to applied voltage and its dynamic range was attained. 

[0114] Moreover, constitutionally, since [ of this invention ] a heat regulator was installed in one 
side of a liquid crystal optical element, precise temperature control can be performed and it 
could maintain at the temperature by which the optimal characteristics of a liquid crystal optical 
element are always discovered regardless of the quantity of light and the wavelength band which 
are used, or perimeter environmental temperature. And even when carrying out propagation 
control of the light of the large quantity of light, the stable modulated light or the stable optical 
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shutter ring was obtained. 

[01 15] Moreover, there is stroboscope lighting as the light source for lighting which has a high- 
speed shutter function. High-speed photography is attained in this case. If the body which moves 
at the rate of 360 km/s is irradiated as a concrete example when shutter speed is 1ms, a 1cm 
moving-average image will be recorded. 

[0116] Moreover, if shutter ring lighting is carried out continuously and a high-speed migration 
body is photoed, a locus will be recorded in the shape of a step. 

[01 1 7] Adjustable [ of the shutter timing ] could be carried out to arbitration, for example, 
advertising lighting, display object lighting, and floor lighting were mentioned as an example using 
the programmable special feature that high-speed flattery nature is, and more active lighting was 
attained a shutter ring or by modulating the light synchronizing with the strength of the sound of 
BGM, or a tone. 

[01 18] The control function of the light source for measurement turned on and off a fixed period 
was borne using this liquid crystal optical equipment as light source control for optical 
synchronous magnification detection (lock in amplifier), and high measurement of a S/N ratio was 
attained also in the environment with much a feeble signal light or noise light by amplifying and 
detecting only the signal light of the period. 

[0119] Consequently, the liquid crystal optical equipment of this invention can be used now for 
optical measurement as a lighting system with a modulated light function, or a lighting system 
with an optical shutter ring function. 

[0120] The S/N ratio has been improved by taking photodetection equipment and a 
synchronization like the light chopper for lock in amplifier, and performing a shutter ring 
especially. Moreover, also in the optical-communication field, the strange optical attenuator 
which can be decreased can be obtained now by applied-voltage adjustment instead of the 
optical attenuator of a fixed attenuation factor used conventionally. 
[0121] Moreover, it approaches and the liquid crystal optical element which has a light 
modulation function for the mass light source especially is prepared, precisely, it is stabilized and 
light with strong reinforcement can be controlled. 

[0122] Moreover, this invention is suitable for application various in the range which does not 
lose the effectiveness. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] This invention relates to the liquid crystal optical equipment using an 
optical fiber and the liquid crystal optical element of the transparency dispersion mold equipped 
with liquid crystal solidification object complex, and the lighting system using it 
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* NOT[CES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

PRIOR ART 

[Description of the Prior Art] A liquid crystal optical element is arranged between the light 
source and the optical fiber for optical transmissions from the former, and the liquid crystal 
optical equipment which controls the quantity of light transmitted to an optical fiber from the 
light source by the liquid crystal optical element is known. Furthermore, the lighting system and 
luminous-intensity-distribution equipment using the bundle fiber, the light source, and the liquid 
crystal optical element which bundled the optical fiber for optical energy transmissions or the 
optical fiber of single track are proposed. 

[0003] Moreover, an optical fiber is used for the light guide means from the light source to a 
liquid crystal optical element, and the configuration which has arranged the liquid crystal optical 
element between optical fibers is proposed. The basic arrangement is shown in drawing 7 as a 
conventional example. The optical fiber 51 for incidence, the optical fiber 52 for outgoing 
radiation, a convex lens 41, and the liquid crystal optical element 30 in reflective mode separate 
spatially, and are arranged. Furthermore, the liquid crystal optical element 30 has a liquid crystal 
solidification object complex layer as electro-optics-stratum functionale in the interior, and 
shows the mode of operation of a transparency dispersion mold. And this configuration attains 
the modulation of light. 

[0004] Moreover, although it is the arrangement configuration which resembled this conventional 
example, the optical variable attenuator which used the low loss thin line optical fiber for optical- 
communication information transmissions for the optical optical incidence [ of a liquid crystal 
optical element ] and outgoing radiation side is proposed. As mentioned above, since reduction of 
optical loss is attained by using the liquid crystal optical element equipped with the liquid crystal 
solidification object complex which has the mode of operation of a transparency dispersion mold, 
and can control light without a polarizing plate, even if it uses a high-reflective-liquid-crystal 
optical element and a lens, it is proposed that optical variable attenuator can be built. 
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*NOT[CES* 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to the liquid crystal optical equipment of this invention, with 
the liquid crystal optical element and light reflex means which can control a dispersion condition 
and a transparency condition electrically, the condensing means, etc., in order to make the light 
modulation part of a liquid crystal optical element pass twice the light by which outgoing 
radiation was carried out from the light source, compared with the case where it penetrates only 
once, effectual scattering power improved by leaps and bounds. 

[0113] Moreover, or [ forming irregularity in the interface of a liquid crystal solidification object 
complex layer and a transparent electrode as an unnecessary normal reflected light reduction 
means ], Or the unnecessary interface reflected light which is the main factor of background 
noise has been reduced by preparing a light absorption object in the interface reflector part 
which does not make parallel a liquid crystal solidification object complex layer and a reflector, 
but attaches an inclination and which carries out incidence to a direct optical fiber further 
without passing a liquid crystal solidification object complex layer in a component interface with 
air. Consequently, improvement in the extinction ratio in the good modulation light function 
according to applied voltage and its dynamic range was attained. 

[0114] Moreover, constitutionally, since [ of this invention ] a heat regulator was installed in one 
side of a liquid crystal optical element, precise temperature control can be performed and it 
could maintain at the temperature by which the optimal characteristics of a liquid crystal optical 
element are always discovered regardless of the quantity of light and the wavelength band which 
are used, or perimeter environmental temperature. And even when carrying out propagation 
control of the light of the large quantity of light, the stable modulated light or the stable optical 
shutter ring was obtained. 

[0115] Moreover, there is stroboscope lighting as the light source for lighting which has a high- 
speed shutter function. High-speed photography is attained in this case. If the body which moves 
at the rate of 360 km/s is irradiated as a concrete example when shutter speed is 1ms, a 1cm 
moving-average image will be recorded. 

[0116] Moreover, if shutter ring lighting is carried out continuously and a high-speed migration 
body is photoed, a locus will be recorded in the shape of a step. 

[0117] Adjustable [ of the shutter timing ] could be carried out to arbitration, for example, 
advertising lighting, display object lighting, and floor lighting were mentioned as an example using 
the programmable special feature that high-speed flattery nature is, and more active lighting was 
attained a shutter ring or by modulating the light synchronizing with the strength of the sound of 
BGM, or a tone. 

[01 18] The control function of the light source for measurement turned on and off a fixed period 
was borne using this liquid crystal optical equipment as light source control for optical 
synchronous magnification detection (lock in amplifier), and high measurement of a S/N ratio was 
attained also in the environment with much a feeble signal light or noise light by amplifying and 
detecting only the signal light of the period. 

[0119] Consequently, the liquid crystal optical equipment of this invention can be used now for 
optical measurement as a lighting system with a modulated light function, or a lighting system 
with an optical shutter ring function. 
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[01 20] The S/N ratio has been improved by taking photodetection equipment and a 
synchronization like the light chopper for lock in amplifier, and performing a shutter ring 
especially. Moreover, also in the optical-communication field, the strange optical attenuator 
which can be decreased can be obtained now by applied-voltage adjustment instead of the 
optical attenuator of a fixed attenuation factor used conventionally. 
[0121] Moreover, it approaches and the liquid crystal optical element which has a light 
modulation function for the mass light source especially is prepared, precisely, it is stabilized and 
light with strong reinforcement can be controlled. 

[0122] Moreover, this invention is suitable for application various in the range which does not 
lose the effectiveness. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] In this case, in order that light may pass a liquid 
crystal solidification object complex layer twice by considering as the configuration of a 
reflective mold, the scattering power of the liquid crystal solidification object complex itself 
improves by leaps and bounds compared with the configuration of the transparency mold which 
light passes once. 

[0006] However, in order for a part of interface reflection produced in the interface of a liquid 
crystal optical element, the interface of the lens for condensing, etc. to always carry out 
incidence to the optical fiber by the side of optical outgoing radiation, when liquid crystal 
solidification object complex was in a dispersion condition, the outgoing radiation quantity of light 
from an optical fiber did not become low, and the extinction ratio of the outgoing radiation light 
by the electrical-potential-difference impression to a liquid crystal solidification object complex 
layer and un-impressing was not able to say that it was high compared with the configuration of 
a transparency mold. 

[0007] Therefore, the dynamic range of the quantity of light change accompanying electrical- 
potential-difference impression of a liquid crystal optical element hardly improved as compared 
with the component configuration of a transparency mold, and it was still a low characteristic 
value. Moreover, when the light source which emits a lot of light was used, it was remarkable, the 
repeatability of various kinds of electro-optics properties (the property of applied-voltage pair 
light transmittance, a dynamic response characteristic, extinction ratio, etc.) became low, and 
exact modulated light of the temperature rise of the liquid crystal optical element accompanying 
the radiant heat etc. was not completed. 

[0008] Moreover, the outgoing radiation light from the light source was condensed in the ellipse 
mirror, and in the case of the lighting system which finally obtains outgoing radiation light from an 
optical fiber, the field where an illuminance is low was generated in the center section of the 
exposure side, and it had become a problem as a homogeneity lighting system. For example, 
since judgment precision would fall if it puts on the test equipment which performs a binarization 
image processing and judges the quality of mounting and the homogeneity within a field of 
exposure light is inferior after irradiating the outgoing radiation light from an optical fiber and 
inputting the image into the circuit board in which electronic parts were mounted with a CCD 
camera, it had become a problem. 
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MEANS 



[Means for Solving the Problem] This invention between the substrates of a pair with an 
electrode with the light source and a condensing means, respectively The liquid crystal 
solidification object complex with which distributed maintenance of the liquid crystal was carried 
out into the solidification object matrix is pinched. Light is scattered about, in case liquid crystal 
is controlled by the electric field generated in inter-electrode and the refractive index of liquid 
crystal is not in agreement with the refractive index of a solidification object matrix. The liquid 
crystal optical element equipped with the liquid crystal solidification object complex layer which 
light penetrates when the refractive index of liquid crystal was mostly in agreement with the 
refractive index of a solidification object matrix, A light reflex means and an optical fiber are 
prepared, and it is prepared so that a light reflex means may bend an optical path in the middle 
of the optical path from the light source to an optical fiber. A liquid crystal optical element is 
arranged at the reflector side of a light reflex means, and the light by which outgoing radiation 
was carried out from the light source is made to pass a condensing means. Furthermore, 
incidence is carried out from the 1st field of a liquid crystal optical element, and it is made to 
pass a liquid crystal solidification object complex layer. Furthermore it results in a light reflex 
means, is reflected with a light reflex means, and is made to pass a liquid crystal solidification 
object complex layer. Outgoing radiation is carried out from said 1st field of a liquid crystal 
optical element, and it is made to pass a condensing means. In the liquid crystal optical 
equipment by which the quantity of light which is mostly condensed by the optical input edge of 
an optical fiber, and is transmitted to an optical fiber from the light source by transparency and 
dispersion of the light in a liquid crystal optical element is controlled A light reflex means is 
approached or stuck by the liquid crystal solidification object complex layer, and a condensing 
means consists of a plano-convex lens. [ whether this plano-convex lens is prepared in contact 
with said 1st field of a liquid crystal optical element, and irregularity is prepared in at least one 
interface among the interfaces which exist in an optical path until it results / from the light 
source / in an optical fiber, and ] The liquid crystal optical equipment (1) characterized by 
making at least one interface incline only in only whenever [ predetermined tilt-angle / alpha ] to 
a light reflex means is offered. 

[0010] Moreover, in the liquid crystal optical equipment (1) with which irregularity was prepared 
in this interface, the liquid crystal optical equipment (2) characterized by forming irregularity in 
one [ at least ] electrode surface of a liquid crystal optical element is offered. Moreover, in the 
liquid crystal optical equipment (1) with which only whenever [ this tilt angle / alpha ] was made 
to incline, alpha offers the liquid crystal optical equipment (3) characterized by consider as a 
bigger value than the prospective angle when expect the effective radius of an optical fiber from 
the point on the reflector in a light reflex means whenever [ tilt angle ]. 

[0011] Moreover, in any one of the above liquid crystal optical equipment (1) - (3), the liquid 
crystal optical equipment (4) characterized by preparing a light absorption object or scatterer in 
the part on the convex of a plano-convex lens is offered. 

[0012] Moreover, in any one of the above liquid crystal optical equipment (1) - (4), the liquid 
crystal optical equipment (5) characterized by forming a heat regulator in the substrate side with 
which the light reflex means of a liquid crystal optical element was established further is offered. 
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[0013] Moreover, in any one of the above liquid crystal optical equipment (1) - (5), the liquid 
crystal optical equipment (6) characterized by coming to prepare an ellipse mirror further as a 
light guide means from the light source to a liquid crystal optical element is offered. 
[0014] Moreover, in above liquid crystal optical equipment (6), the light source is arranged near 
the primary focus of an ellipse mirror. [ whether cone-like prism and an aperture diaphragm are 
put together and arranged as a condensing equalization means near the secondary focus of an 
ellipse mirror, and ] Or a cone-like reflector is arranged, the outgoing radiation light from the 
light source is condensed near the secondary focus in an ellipse mirror, and the liquid crystal 
optical equipment (7) characterized by the flux of light converged and equalized by said 
condensing equalization means carrying out incidence to a liquid crystal optical element further 
is offered. 

[0015] Moreover, in above liquid crystal optical equipment (7), the liquid crystal optical 
equipment (8) characterized by considering as the convex cone object-like prism whose vertical 
angle theta by the side of the optical outgoing radiation of cone-like prism is 90 degrees - 175 
degrees, or the convex cone object-like prism whose vertical angle phi is 185 degrees - 270 
degrees is offered. 

[0016] Moreover, in above liquid crystal optical equipment (7), the liquid crystal optical 
equipment (9) characterized by considering as the convex reflector whose vertical angle beta of 
the reflector of a cone-like reflector is 1 50 degrees - 1 77 degrees, or the concave reflector 
whose vertical angle gamma is 183 degrees - 210 degrees is offered. 

[001 7] Furthermore, the lighting system equipped with any one of the above liquid crystal optical 
equipment (1) - (9) is offered. 

[0018] In the liquid crystal optical equipment of this invention, it is detailed irregularity's 
specifically being formed in one [ at least ] transparent electrode surface of a liquid crystal 
optical element as an unnecessary normal reflected light reduction means, or making the liquid 
crystal solidification object complex layer of a liquid crystal optical element incline to a light 
reflex means, and preparing, and the unnecessary normal reflected light produced in the interface 
of a liquid crystal solidification object complex layer and transparent substrate glass with an 
electrode etc. is reduced. 

[0019] Moreover, one-structure is adopted and a compact, the liquid crystal optical equipment 
which was optically [ firmly and ] excellent mechanically, and a lighting system are offered so 
that the unnecessary normal reflected light by the interface between a condensing means and a 
liquid crystal optical element may be controlled positively. 

[0020] Moreover, in the liquid crystal optical equipment of this invention, an ellipse mirror is first 
adopted as a light guide means from the light source to a liquid crystal optical element, and a 
condensing equalization means is established further. The light source is arranged near the 
primary focus of an ellipse mirror, and an aperture diaphragm, cone-like prism, or a cone-like 
reflector is arranged in the location near the secondary focus. It is easy to attain the function 
that an aperture diaphragm is equivalent in addition to a perfect aperture stop here. Simply, the 
electrode holder of cone-like prism also functions as an aperture diaphragm. Furthermore, it is 
effective, if black painting is carried out or it is delustered. It is good to use a formal aperture 
stop preferably. 

[0021] Incidence of the light which the outgoing radiation light from the light source was 
condensed in the ellipse mirror by the location near the secondary focus, and was equalized as 
about one flux of light with the condensing equalization means is carried out by this configuration 
to a liquid crystal optical element. In this case, it is possible by using cone-like prism and an 
aperture diaphragm, or a cone-like reflector to equalize the luminous-intensity-distribution 
distribution of light by which outgoing radiation is carried out from an optical fiber as a 
condensing equalization means which is the component of a light guide means. And the optical 
fiber shutter for optical energy transmissions (lighting system) is offered, for example. 
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OPERATION 

[Function] According to this invention, the light guide also of the strong flux of light by which 
outgoing radiation was carried out from the light source, and the thick flux of light or the flux of 
light of single wavelength is carried out to a precision, and it is made to transmit to an optical 
fiber. In order that light may pass a liquid crystal solidification object complex layer twice at this 
time, the effectual scattering power of a transparency dispersion mold optical element improves. 
And by making an unnecessary normal reflected light component reduce positively, a noise 
component is made to reduce greatly and light with strong reinforcement is also correctly 
transmitted by low loss. Consequently, degradation of an extinction ratio and a dynamic range 
which were looked at by the conventional example is improved, and transfer control of light with 
strong reinforcement is attained. 

[0023] Moreover, without having direct effect on the light on an optical path until it results 
[ from the incidence to the liquid crystal optical element of light ] in outgoing radiation, when a 
heat regulator is formed in the rear face of a liquid crystal optical element, it becomes possible 
to carry out temperature control of the liquid crystal optical element compulsorily, and the 
electro-optics property of a liquid crystal optical element is stabilized extremely. Furthermore, 
precise transfer control of light with strong reinforcement can be attained. Hereafter, an example 
explains this invention concretely. 
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EXAMPLE 
[Example] 

(Example 1) The example 1 of this invention is shown in drawing 1 . As for the liquid crystal 
optical equipment of this invention, the ellipse mirror 12, the light source 11, and an aperture 
diaphragm 14 are used as light source optical system. In this example, the light source 11 is 
formed in the location almost near the 1st focus of the ellipse mirror 12, and the aperture 
diaphragm 14 is formed in the location almost near the 2nd focus of the ellipse mirror 12. The 
halogen lamp is used as the light source 11. Here, the filament part of a halogen lamp is installed 
in the location of the 1st focus, and the circular aperture diaphragm 14 is installed near the 2nd 
focus. Of course, the light-emitting part of a filament part has the volume which exists spatially, 
and is not the perfect point light source. 

[0025] The optical fiber 50 which outputs light is arranged, and are the side front of the liquid 
crystal optical element 30 and the liquid crystal optical element 30 which has the reflective mold 
mode of operation which performs light modulation, and a plano-convex lens 40 is formed in 
contact with the close outgoing radiation side of light, and the 1st becoming field. In contact with 
the 2nd field, a heat regulator 60 is formed in the background of the liquid crystal optical element 
30, and it consists of a drive circuit (illustration is omitted) which drives the liquid crystal optical 
element 30 further, an electrical circuit which carries out drive control of the heat regulator 60. 
[0026] This heat regulator 60 is located in the background of a substrate 32, and pastes up the 
heat sink in which the thermo sensor and the electrical heater were built Furthermore, the fan 
for air cooling was attached behind this heat regulator 60, and it could be made to carry out by 
the electrical heater and the fan for air cooling the temperature control, acting as the monitor of 
the temperature so that the liquid crystal optical element 30 may be maintained by laying 
temperature. Each of these components are dedicated to a case and cooled by air-conditioning 
by the fixed air flow. 

[0027] What bundled the fiber of the numerical aperture (N.A.) 0.57 which uses multicomponent 
system glass as a core with a diameter of 50 micrometers, and was used as the bundle fiber with 
a diameter of 5mm was used for the optical fiber 50 by the side of optical outgoing radiation. It 
arranges in the location at which the main normal reflected lights arrive, and the circular 
aperture diaphragm 14 and the core of the end face of an optical fiber 50 (bundle fiber) are 
respectively installed in physical relationship [ **** ] mutually optically near the focal location of 
a plano-convex lens so that light may carry out incidence by eight incident angles to liquid 
crystal solidification object complex layer 30B of the liquid crystal optical element 30 
respectively. 

[0028] The focal distance is 50mm and the plano-convex lens 40 was pasted up on the 1st field 
(side front) of the liquid crystal optical element 30 with optical adhesives (illustration is omitted). 
Moreover, the coat of the anti reflection film was carried out to convex surface 40a of a plano- 
convex lens 40, further, the black coating was applied to the form of the shape of a spot with a 
diameter of about 5mm, the light absorption object 70 was formed in the core, and reflection of 
the part was lost 

[0029] A suitable value exists with regards to the effective diameter of the optical fiber 50 which 
uses the formation location and area of a black coating, and the convex configuration of a lens. It 
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is desirable to form in the normal reflective location of lens convex surface 40a in which the 
reflected light in the convex of a lens carries out incidence to the optical fiber by the side of 
outgoing radiation. Although a black coating is applied to a part of convex surface 40a of a lens, 
the light absorption object 70 is formed and the unnecessary interface reflective component is 
reduced in this example instead, irregularity may be formed in the same field, scatterer may be 
prepared, and unnecessary normal reflection may be reduced. 

[0030] The reflector of the ellipse mirror 12 was used as the cold mirror. The conjugate image 
corresponding to the effective diameter of the optical fiber 50 which is a bundle fiber makes the 
diameter of the aperture diaphragm 14 installed near the 2nd focus of the ellipse mirror 12 the 
configuration comparable as the conjugate image in the location by which image formation is 
carried out with reflexible flesh— side electrode 30C and the reflexible plano-convex lens 40 of 
the liquid crystal optical element 30. 

[0031] By this example, since the conjugate image was formed at the rate of actual size, 
specifically, opening with a same as an aperture diaphragm 14 diameter [ as an outgoing radiation 
side bundle fiber ] of 5mm was installed. Moreover, the glass filter which has the spectral 
characteristic which absorbs or reflects ultraviolet rays and a heat ray was installed in this 
opening so that the ultraviolet rays and the heat ray which are contained during lamp 
luminescence might not carry out incidence to a liquid crystal optical element. 
[0032] Only the light which the light by which outgoing radiation was carried out from the light 
source 11 was condensed in the ellipse mirror 12, and passed the aperture diaphragm 14 
progresses to a plano-convex lens 40. Incidence is carried out from convex surface 40a of a 
plano-convex lens 40, and it is made to be refracted and progresses to the liquid crystal optical 
element 30. Furthermore, incidence is carried out to the liquid crystal optical element 30, and 
front electrode 30A in it and liquid crystal solidification object complex layer SOB are passed, and 
it reflects here in un-transparence flesh-side electrode 30C which is also an electrode and is 
also a light reflex means while remaining. 

[0033] And liquid crystal solidification object complex layer 30B and front electrode 30A are 
passed again, a plano-convex lens 40 is passed further, and outgoing radiation is carried out from 
the convex surface 40a, and it is refracted and goes to the optical incidence edge of optical fiber 
50 **. And it converges mostly in the location of this optical incidence edge, and incidence is 
carried out to an optical fiber 50. Next, it outlines about the configuration of the liquid crystal 
solidification object complex used by this invention. 

[0034] In the liquid crystal optical element in this invention, the liquid crystal display component 
which pinched the liquid crystal solidification object complex with which distributed maintenance 
of the nematic liquid crystal was carried out into the solidification object matrix is used. It is 
desirable to use the liquid crystal solidification object complex it was made mostly in agreement 
[ complex ] with the Tsunemitsu refractive index (no) of the liquid crystal which distributed 
maintenance of the nematic liquid crystal which has a forward dielectric anisotropy especially is 
carried out into a solidification object matrix, and the refractive index of the solidification object 
matrix uses. And liquid crystal solidification object complex is pinched between substrates with 
the electrode of a pair. 

[0035] no of a nematic liquid crystal When the refractive-index anisotropy which is a difference 
with an extraordinary index (ne) is set to **n, as for **n, it is desirable that it is 0.18 or more. 
Moreover, in order to obtain scattering power with a high liquid crystal solidification object 
complex layer to the specific wavelength lambda (micrometer), it is desirable that the mean 
particle diameter R of liquid crystal (micrometer) has gathered according to the wavelength. In 
fact, it is desirable to fill the relation of ** n-R**lambda. 

[0036] Therefore, when modulating the light of the wavelength band (lambda=0.4-0.7 
(micrometer)) of the light using the bundle fiber for optical energy transmissions, in order for the 
scattering power in a liquid crystal solidification object complex layer to become homogeneity 
mostly in a full wave length region, it is desirable to be distributed over the range in which the 
mean particle diameter R of liquid crystal fills the relation of 0.4<**n-R<0.7. 

[0037] When, using the light of the semiconductor laser diode of a non— light region, or the single 
wavelength of the near-infrared wavelength region (lambda=0.8-1.6 (micrometer)) of LED as a 
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light on the other hand using the single track fiber for optical communication, or when using for 
optical measurement the light of the single wavelength of the helium-Ne laser which is the laser 
of a light oscillation, or semiconductor laser, the mean particle diameter R of liquid crystal has 
the desirable structure with little particle size distribution where n-R**lambda is filled. 
[0038] As for the substrate with this electrode, that by which the electrode was prepared on 
substrates, such as glass, plastics, and a ceramic, is used. The configuration could be fixed and a 
substrate may be a flexible substrate like plastic film. Moreover, the substrate which has the 
spectral characteristic which absorbs or reflects ultraviolet absorption, infrared absorption, or an 
unnecessary wavelength component may be used. 

[0039] A transparent ingredient is used for the substrate by the side of plane of incidence at 
least in this invention. Glass is suitable for forming few still flatter and optical distorted substrate 
sides. 

[0040] Between the substrates of a pair with an electrode, liquid crystal solidification object 
complex is pinched, respectively. Electric field occur by impression of an electrical potential 
difference, this liquid crystal solidification object complex changes the orientation of a liquid 
crystal molecule according to that electric field, and the refractive index of the liquid crystal in 
liquid crystal solidification object complex changes. When the refractive index of the solidification 
object matrix is mostly in agreement with the refractive index of liquid crystal, light penetrates, 
and light is scattered about when not in agreement. Since the liquid crystal optical element using 
this liquid crystal solidification object complex does not use the polarizing plate, an optical 
modulator with little optical loss is obtained. 

[0041] The liquid crystal solidification object complex which specifically consists of a 
solidification object matrix by which a large number formation of the hole fine as a liquid crystal 
display component was carried out, and a nematic liquid crystal with which the part of the hole 
was filled up is used. This liquid crystal solidification object complex is pinched between 
electrode substrates. The refractive index of the liquid crystal changes and the relation between 
the refractive index of a solidification object matrix and the refractive index of liquid crystal 
changes with the impression conditions of an electrical potential difference inter-electrode 
[ the ]. When these both refractive index is mostly in agreement, it will be in a transparency 
condition, and when refractive indexes differ, a liquid crystal optical element which will be in a 
dispersion condition can be used. 

[0042] The liquid crystal solidification object complex which consists of a solidification object 
matrix by which a large number formation of this fine hole was carried out, and liquid crystal with 
which the part of that hole was filled up is the structure by which liquid crystal was confined in a 
liquid bubble like a microcapsule. However, each microcapsule does not need to be independent 
completely and the liquid bubble of each liquid crystal may be open for free passage through a 
slit like a porous body. Furthermore, the degree of a free passage may be high and in the 
condition which liquid crystal is opening for free passage in the shape of a stitch is sufficient. 
[0043] The liquid crystal solidification object complex used for this invention is the following, and 
is made and manufactured. A nematic liquid crystal and the hardenability compound which 
constitutes a solidification object matrix are mixed, and it is made the shape of the shape of a 
solution, and a latex. Subsequently, what is necessary is for photo-curing, heat curing, hardening 
by solvent removal, reaction hardening, etc. to carry out this, to separate a solidification object 
matrix, and Just to take the condition that the nematic liquid crystal distributed in the 
solidification object matrix. 

[0044] Since the hardenability compound to be used can be hardened within a sealing system by 
making it photo-curing or a heat-curing type, it is desirable. When a photo-curing type 
hardenability compound is used especially, it cannot be influenced by heat, can be made to 
harden for a short time, and is desirable. 

[0045] After forming a eel using a sealant like the conventional usual nematic liquid crystal as a 
concrete process, pouring in non-hardened mixture [ compound / a nematic liquid crystal and / 
hardenability ] from an inlet and closing an inlet, it can heat whether an optical exposure is 
carried out and can also be made to harden. 

[0046] Moreover, in the case of the liquid crystal optical element in this invention, not using a 
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sealant, non-hardened mixture [ compound / a nematic liquid crystal and / hardenability ] can be 
supplied on the substrate which prepared the reflector as a counterelectrode, and the substrate 
which prepared another transparent electrode can also be stiffened by optical exposure etc. in 
piles after that. 

[0047] Of course, after that, a sealant may be applied on the outskirts and the seal of the 
circumference may be carried out. According to this process, in order for what is necessary to 
be just to only supply a roll coat, a spin coat, printing, spreading according non-hardened mixture 
[ compound / a nematic liquid crystal and / hardenability ] to a dispenser, etc., an impregnation 
process is simple and productivity is very good. 

[0048] Moreover, into non-hardened mixture [ compounds / these / nematic liquid crystals and 
hardenability compounds ], spacers, such as a ceramic particle for substrate gap control, a 
plastics particle, and a glass fiber, a pigment, coloring matter, a viscosity controlling agent, and 
the other additives that do not have a bad influence on the engine performance of this invention 
may be added. 

[0049] As mentioned above, although the manufacture approach by the photopolymerization 
method was shown, microencapsulation liquid crystal can be formed also by the emulsion 
method. Moreover, the liquid crystal solidification object complex to which capsule particle 
diameter was mostly equal can also be formed using micro porous glass by pressing out a liquid 
crystal ingredient in the liquid of a capsule ****** ingredient from an almost uniform glass hole. 
[0050] Below, the internal structure of the liquid crystal optical element 30 is explained. Front 
electrode 30A located in a 1 st field (optical ON outgoing radiation side) side consists of 
transparent electrodes, such as UO. And it is a side front substrate and frosting processing of 
the ITO interface of the glass substrate 31 is carried out beforehand. The irregularity formed of 
frosting processing should just be a configuration which reduces that the normal reflection by 
the interface finally reaches the optical fiber 50 by the side of outgoing radiation. Therefore, the 
irregularity of the shape of a rectangle in which many fields parallel to reflector 30C exist is 
unsuitable, and its irregularity of ** (serrate) which is the aggregate of the slant face which has 
a tilt angle is desirable. 

[0051] Although this tilt angle is related to the effective diameter of an aperture diaphragm 14 
and an optical fiber 50, the optical incident angle to flesh-side electrode 30C which is a reflector, 
etc., generally as unnecessary interface reflection as the irregularity of the shape of sharp ** is 
removed, so that a tilt angle is perpendicularly near. However, since surface area increases so 
that an acute angle, the rate of interface reflection increases and the transmitted light which can 
be used decreases. Therefore, the irregularity of the shape of ** with many inclination 
components which do not cause the remarkable decline in permeability but can reduce 
unnecessary interface reflection is desirable. 

[0052] Moreover, in the property of the amount of transmitted lights over applied voltage, like 
[ in the case of an on-off control action ], when a sharper standup is needed, concavo-convex 
magnitude (pitch) is so desirable [ as a display device in this liquid crystal optical equipment, 
since the homogeneity of the property within a field is not required the constraint about 
concavo-convex magnitude (pitch) is not so severe, but ] that it is small. It is more desirable to 
make it into a big value, concavo-convex pitch, i.e., depth, and for the thickness of a liquid 
crystal solidification object complex layer to distribute on the other hand, since the property of 
the amount of transmitted lights over gently-sloping applied voltage is required for application of 
the dimmer which wants to control the middle quantity of light finely. 

[0053] Specifically, concavo-convex magnitude (pitch) has desirable about 2-200 micrometers. 
The concavo-convex depth Rz (ten-point average of roughness height) About 0.1-10 
micrometers is desirable. Toothing voice reduces [ since, as for the case of rectangle-like 
irregularity, the area of a normal reflector is changeless / a part for interface reflective noise 
Mitsunari which carries out incidence to an outgoing radiation side fiber ] therefore has desirable 
** (serrate). 

[0054] in order to reduce further the interface reflectivity produced between the transparent 
electrodes and liquid crystal solidification object complex layers which were formed on the 
concave convex — a transparent electrode layer top — Si02 MgF2 etc. — it is desirable to 
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form a low refractive-index layer as an antireflection film. 

[0055] Moreover, un-transparence flesh-side electrode 30C which used also [ reflector ] and 
formed the aluminum film was formed on the glass substrate 32. The light reflex means which 
consists of liquid crystal solidification object complex layer SOB and flesh-side electrode 30C 
which achieve the function of light modulation by this configuration was able to make it stick. 
The dielectric multilayer reflecting mirror which also made flesh-side electrode 30C 
transparence, and carried out the laminating of the dielectric film with which refractive indexes 
differ relatively by the thickness of light wave length extent can be prepared in piles, and it can 
also consider as a light reflex means. 

[0056] In this case, since it is hard compared with the aluminum reflective film, even if it uses 
the spacer for gap control of a liquid crystal solidification object complex layer, endurance 
surpasses that it is hard to attach a blemish. Moreover, while being able to design a reflection 
factor and a reflected wave length band to arbitration by changing the film configuration of 
dielectric multilayers, about 100% of high reflection factor is also obtained. 

[0057] Incidence of the visible ray emitted from a halogen lamp is carried out to the liquid crystal 
optical element 30 through a reflecting mirror 14. And the alternating voltage which makes a 
100Hz square wave a subcarrier was impressed to inter-electrode [ of a liquid crystal optical 
element ], and the liquid crystal optical equipment which has a modulated light function was 
obtained by modulating an effective voltage value by the external circuit, and changing the 
transparency dispersion condition of a liquid crystal optical element. The optical property of the 
liquid crystal optical equipment of this invention used combining an optical fiber, a plano-convex 
lens, the liquid crystal optical element of a transparency dispersion mold, etc. in this way was 
measured. The result was summarized in Table 1. 

[0058] In Table 1, relative light transmittance makes the example of a comparison 100%. 
measurement — constant temperature — it is carried out within a degree tub and temperature 
shows not the temperature of the liquid crystal optical element itself but the ambient 
temperature of liquid crystal optical equipment. The measured extinction ratio shows the range 
of the applied-voltage value of the liquid crystal optical element in a 0 to 40 degrees C 
temperature requirement, and the light value ratio of the optical fiber 50 by the side of the 
outgoing radiation to OV and 30V. As an example of a comparison, the ITO electrode surface by 
the side of the optical incidence of a liquid crystal optical element was formed into the flat side, 
same optical property evaluation was performed about the thing of a configuration of not giving a 
black-lacquered light absorption object to the convex of a plano-convex lens, and the result was 
indicated. 
[0059] 
[Table 1] 
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[0060] From this result, while there has almost been no optical loss by the configuration of this 
invention, the improvement in fast of an extinction ratio and repeatability of operation are 
improved. Therefore, by using the liquid crystal optical equipment of this invention as a dimmer 
etc., adjustment of the outgoing radiation quantity of light corresponding to an applied-voltage 
value does not almost have quantity of light loss, and can carry out to a high speed arbitrarily. 
[0061] Moreover, the optical outgoing radiation edge of the optical fiber by the side of outgoing 
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radiation is turned to an illuminated object, and the liquid crystal optical equipment of this 
invention installs it and when carrying out optical high measurement of a S/N ratio by the lock- 
in amplifier, it can use the electrical signal of photodetectors, such as the photomultiplier tube 
and Si photodiode, as a required fiber type light chopper. Compared with a conventional pivoted 
window type chopper or a conventional oscillatory type chopper, small and high-speed optical 
chopping becomes possible. 

[0062] Moreover, by incorporating with the image storage of image metering devices, such as a 
CCD camera, making it synchronize with timing, and carrying out the high-speed shutter ring of 
the liquid crystal optical element, high image measurement of a S/N ratio is attained, in 
application of obtaining the binarization processing image of the image after image measurement, 
a shape recognition, etc., it is highly precise, and high-speed processing is attained. 
[0063] Moreover, when using the liquid crystal optical equipment of this example as a lighting 
system, generally a dark part tends to produce the light which outgoing radiation is carried out 
from a bundle fiber, and is emitted in the shape of a cone in an optical-axis core. This is because 
the light of the include-angle field of 10-degree or less extent runs short to an optical axis 
among the light which luminescence of the light source is the effect of the shade produced by 
the lamp tube wall or the filament, and carries out incidence to an aperture diaphragm, in order 
to improve such heterogeneity, it is effective to install cone-like prism or a cone-like reflector in 
an aperture-diaphragm location (the secondary focus of an ellipse mirror prepared in a light 
source system — for a location to be corresponded to mostly), and to supply light to the 
include-angle field of 10-degree or less extent to an optical axis. This can attain equalization of 
the flux of light, 

[0064] The configuration of the cone-like prism used here or a cone-like reflector becomes 
settled to the illuminance homogeneity of the exposure side to need with regards to luminous- 
intensity-distribution distribution of the light source, an ellipse mirror configuration, the focal 
distance of a plano-convex lens, its effective diameter, etc. When using cone-like prism, it is the 
concave cone-like prism whose convex cone object-like prism or vertical angle phi whose 
vertical angle theta by the side of the optical outgoing radiation is 90 degrees - 175 degrees is 
185 degrees - 270 degrees, and, specifically, it is good to use with an aperture diaphragm (for 
the function that the electrode holder a formal aperture stop or for installation is also almost 
equivalent to be achieved). 

[0065] An unnecessary light is removed by the aperture diaphragm and it is collected into 
equalization of the flux of light, and the one flux of light by cone-like prism. Since it is desirable 
to make it the size according to the aperture of the optical fiber for outgoing radiation used, the 
size of the flux of light is good to prepare the aperture diaphragm of a suitable dimension etc. 
[0066] In the optical-communication field etc., when only the total light value of fiber outgoing 
radiation light is needed and there is no constraint about the luminous-intensity-distribution 
angular distribution, it is equal, and when the incident light to a liquid crystal optical element is 
uniform, the orientation distribution of light by which outgoing radiation is carried out from the 
diameter of the light source does not need to install the component for equalization especially, 
and is good at an aperture diaphragm or a monotonous reflecting mirror. 

[0067] On the contrary, distribution is [ whenever / orientation angle / of fiber outgoing radiation 
light ] uneven, and when the exposure section serves as ununiformity quantity of light 
distribution and poses a problem as a lighting system according to it, homogeneity distribution 
improves by using cone-like prism or a cone-like reflector. In the light source system using the 
ellipse mirror especially shown in the example as a converging mirror, since it is easy to produce 
a shadow in a core, cone-like prism or a cone-like reflector is effective. If cone-like prism is 
used combining an aperture diaphragm, a still better result will be obtained. 

[0068] Moreover, when using a cone-like reflector, it is desirable that it is the concave reflector 
whose convex reflector or vertical angle gamma whose vertical angle beta of a reflector is 150 
degrees - 177 degrees is 183 degrees - 210 degrees. Since the effective reflector product of 
itself achieves the same diaphragm function as an aperture diaphragm, this cone-like reflector is 
simple. 

[0069] Although cone-like prism is not used near the secondary focus location, if this cone-like 
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prism is further used together in this example When what was about 30% of the maximum 
illuminance within an exposure side forms the convex cone objectHike prism whose vertical 
angle theta is 120 degrees, the illuminance in the optical-axis core of an optical fiber exposure 
side The illuminance in the optical-axis core of an exposure side turned into the maximum 
illuminance, the illumination distribution which carries out gently-sloping reduction was acquired 
in the radius vector direction, and illuminance homogeneity good as a lighting system with a high- 
speed modulated light function was acquired. 

[0070] Moreover, when a plano-convex lens is used as a condensing means, it is desirable to 
paste up the convex of a lens with the binder with which air was faced and refractive-index 
matching was able to take the fiat side to the glass substrate side of a liquid crystal optical 
element. At this time, the curvature part which produces and cheats out of the unnecessary 
normal reflection which surely carries out incidence to an outgoing radiation side optical fiber in 
the interface of the convex of a lens and air exists. If a light absorption object is prepared only in 
a part for this curvature surface part or the detailed irregularity for normal reflective reduction is 
formed, this interface reflection will be reduced. 

[0071] Since the area in which a light absorption object is formed here is minute, the 
transmissibility of the light as the whole liquid crystal optical equipment is hardly influenced. 
Moreover, metallic reflection mirrors, such as aluminum, are sufficient as a reflector, and an 
optical interference multilayers reflecting mirror is sufficient as it In the case of the former, in 
order that a reflector may serve also as an electrode, manufacture is easy, and a liquid crystal 
optical element can be constituted without complicating structure. In the case of the latter, it is 
also possible to form the cold mirror which has the spectral characteristic which penetrates a 
heat ray and reflects only the light by the configuration of optical interference multilayers, and it 
has the degree of freedom which can also form the mirror of 100% of reflection factors to the 
specific semiconductor laser wavelength used by optical communication. 

[0072] By considering as the arrangement configuration of the light source optical system, the 
condensing means and liquid crystal optical element like this example, and the optical fiber for an 
output, the transfer loss to the bundle fiber which constitutes an optical fiber decreased, and the 
higher optical equipment of efficiency for light utilization was obtained. It became possible to use 
the light source of the large quantity of light especially, and it is low loss and precise optical 
control was attained. 

[0073] In this example, although the bundle fiber was used as an optical fiber, a single fiber with 
big aperture is sufficient. Since there is no flexibility when the core section with a diameter of 
about 5mm is formed with glass, the structure which makes a clad air by using plastics and 
translucency rubber as a core is sufficient. In order to prevent the dirt of an interface with air, it 
is desirable to apply the fluororesin of a low refractive index to a front face. 
[0074] Although photoconductive close effectiveness is bad since the occupancy area of the 
core part which light actually transmits is as low as 50 - 80% in the case of a bundle fiber, in the 
case of such a diameter core fiber of single track macrostomia, photoconductive close 
effectiveness is as high as 90% or more. 

[0075] (Example 2) An example 2 is shown in drawing 2 . The liquid crystal optical equipment in 
this example has the almost same configuration as an example 1. The description here is that 
some interfaces of a liquid crystal optical element equipped with the function which has a 
refiective mold mode of operation and modulates light are slanting to an optical axis. Specifically, 
only whenever [ predetermined tilt-angle / alpha ] is formed [ the liquid crystal solidification 
object complex layer ] for the inclination to the perpendicular and flat light reflex means 90 to 
the symmetry axis of incident light and the refiected light 

[0076] The field of transparent two front electrode 30A which consists of ITO of a liquid crystal 
table optical element etc., and flesh-side electrode 30C is flat And it is arranged so that the 
unnecessary reflected light generated from the interface of the liquid crystal solidification object 
complex layer 30B may carry out incidence to the optical fiber 50 by the side of outgoing 
radiation, and may not cause degradation of an extinction ratio, and liquid crystal solidification 
object complex layer 308 may incline to an optical path. 

[0077] alpha should just be a value to which the normal reflection by that interface reduces 
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reaching the optical fiber 50 by the side of outgoing radiation finally whenever [ this tilt-angle ]. 
What is necessary is just to specifically make the tilt angle alpha of liquid crystal solidification 
object complex into the big value from the point on the reflector in a light reflex means to the 
prospective angle when expecting the effective radius (it being the effective radius of the whole 
bundle fiber in the case of a bundle fiber) of an optical fiber. 

[0078] Since the core diameter is as thin as 200 micrometers or less, the range of alpha of 0.1 
degrees - 10 degrees is [ whenever / tilt-angle ] desirable in the case of the single track fiber 
for optical communication. Since it uses as a bundle fiber in the case of the fiber for optical 
energy transmissions, and the diameter of a fiber of the optical transmission section is as thick 
as about 2-20mm, 1 degree - about 20 degrees of alpha are [ whenever / tilt-angle ] on the 
other hand, desirable. 

[0079] Furthermore, although the interface reflected light is removed also when it considers as 
whenever [ big tilt-angle ], the light which carries out incidence from across becomes most at a 
liquid crystal solidification object complex layer, and effectual permeability falls that it is easy to 
produce Hayes accompanying index mismatching at the time of transparence. Moreover, since a 
liquid crystal optical element will become thick and the magnitude and weight of the whole 
equipment will increase if alpha becomes large whenever [ tilt-angle ], limiting to the above- 
mentioned range is [ whenever / tilt-angle ] desirable [ alpha ]. 

[0080] In this example, since the effective radius of the bundle fiber 50 is 2.5 mm and the 
distance to a reflector 90 is about 50mm, a prospective angle becomes about 3 degrees. 
Therefore, it is enough if the tilt angle alpha of liquid crystal solidification object complex is made 
into 5 degrees in this case. 

[0081] Light is reflected by the light reflex means 90 formed in the tooth back of a liquid crystal 
optical element This is good at the aluminum film or other metal membranes. Or the cold mirror 
using the optical interference multilayers which reflect the light and penetrate infrared light is 
sufficient. 

[0082] A heat regulator 60 can be formed in the flat side on the background of the light reflex 
means 90. Or after forming in the side face of prism 80 in which it has a small vertical angle 
corresponding to alpha whenever [ tilt-angle / to make / of liquid crystal solidification object 
complex layer 30B and the light reflex means 90 ], as a reflector, the liquid crystal optical 
element 30 and a heat regulator 60 may be pasted with optical adhesives. In order not to reduce 
permeability, the adhesion method which used the latter prism 80 is desirable. 
[0083] In this example, in order to perform a temperature control to accuracy more and to 
secure the repeatability of an optical property also to large environmental temperature, the cold 
mirror was formed as a light reflex means 90, and the heat sink where the Peltier device and 
temperature sensor of electronics control were embedded as a heat regulator 60 was used. 
[0084] When the configuration of an example 2 estimated the optical property, in the large 
environmental temperature of -20 to 80 degrees 0, the property of an extinction ratio 350 was 
always shown, and the result of having been stabilized by the applied-voltage pair optical output 
property to the temperature change in coincidence was obtained. Moreover, compared with the 
aluminum reflecting mirror, since the reflection factor was high about 10%, the direction of a cold 
mirror of relative light transmittance was a high value compared with the example 1 of a 
comparison. 

[0085] (Example 1 of reference) The example 1 of reference is shown in drawing 3 . In this 
example, an optical fiber is used for the both sides of I/O of light, and the edge of each optical 
fiber by the side of incidence and outgoing radiation is arranged near the center of curvature of 
the condensing means in an optical path. The conventional example (liquid crystal optical 
equipment which has two optical fibers shown in drawing 7 ) and basic arrangement which 
mentioned this arrangement above serve as almost same configuration. It is made to stick a 
plano-convex lens 40 to the side front of the liquid crystal optical element 30 through a glue line. 

[0086] In this example 1 of reference, irregularity is prepared in the interface of one electrode 
30A of the liquid crystal optical element 30. With this irregularity, unnecessary interface 
reflection of a liquid crystal optical element is removable. It is prepared almost in parallel by 
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liquid crystal solidification object complex 30B and un-transparence flesh-side electrode 30C 
which is a light reflex means. 

[0087] Furthermore, in the liquid crystal optical equipment of the example 1 of reference, it has 
composition which can carry out forcible temperature control of the liquid crystal optical 
element from a reflector side like examples 1 and 2. As a compulsive temperature control 
method, it equips with a heat sink and cools with an air cooling fan. Or it can equip with a Peltier 
device, an electrical heater, and a temperature sensor, and temperature control of heating and 
the cooling can also be performed and carried out so that it may be maintained by fixed 
temperature. 

[0088] (Example 2 of reference) The example 2 of reference is shown in drawing 4 . Unlike the 
example 1 of reference, this liquid crystal optical equipment is made into the field where an 
electrode surface is flat In this case, it is also possible to paste a reflector, after using not a 
glass substrate but a PET film with ITO for a substrate and forming a transparency mold 
component 

[0089] What is necessary is to just be mostly condensed by the location of the optical incidence 
edge of the optical fiber 52 for outgoing radiation which the light by which an aspheric lens is 
sufficient as and outgoing radiation was carried out from the optical fiber 51 for one incidence as 
a plano-convex lens 40 in addition to the spherical lens converges with the plano-convex lens 40 
which is a condensing means, and has it in a conjugationHocation in these examples of 
reference. The black coating of the shape of a spot with a diameter of about 1mm was applied to 
the core of a liquid crystal display component, the light absorption object 70 was established, 
and reflection of the part was lost so that interface reflection with the liquid crystal optical 
element 30 and the external worlds (filler gas inside air or a case etc.) might carry out incidence 
to the optical fiber 52 by the side of outgoing radiation and might not cause degradation of an 
extinction ratio. 

[0090] Moreover, in order to raise permeability, the coat of the antireflection film has been 
carried out to convex surface 40a of a plano-convex lens 40. Also in these examples of 
reference, the heat sink was pasted up and the temperature control was performed by the same 
approach as an example 1. 

[0091] When the configuration of the example 1 of reference and the example 2 of reference 
estimated the optical property, the example 1 and the evaluation result of an extinction ratio 
good almost similarly were obtained. In the above explanation, although it is pasting up and 
unifying after separating and producing a liquid crystal optical element and a plano-convex lens, 
electrodes, such as ITO, are directly formed in the flat side of a plano-convex lens, and it is 
good also considering itself as a counterelectrode substrate of one of the two of a liquid crystal 
display component 

[0092] (Example 3 of reference) Although it was the almost same configuration as the example 2 
of reference of drawing 4 , the plastics aspheric surface plano-convex lens whose effective 
diameter the focal distance of the plano-convex lens which is a condensing means using the 
single track optical fiber for optical-communication information transmissions instead of the 
bundle fiber for energy transmission about the optical fiber by the side of incidence and outgoing 
radiation is 20mm, and is 10mm was used. Measuring area of a liquid crystal optical element was 
made into the larger configuration than the measuring area of a plano-convex lens. 
[0093] The single track optical fiber used the compound glass fiber whose core which is the 
optical transmission section is the diameter of 200 micrometers. Moreover, the black painting of 
about 0.5 mm was formed in the center section of the convex of a plano-convex lens as a light 
absorption object Other configurations presupposed that it is the same as the example 2 of 
reference. The used light source is semiconductor laser with an oscillation wavelength of 850nm, 
the dielectric multilayer reflecting mirror whose reflection factor of 850nm is 100% was formed in 
the reflector upwards, and the ITO film is formed as a transparent electrode. 
[0094] As a result of this configuration's estimating an optical property, the property which an 
extinction ratio calls 5000 and a speed of response always calls 3msec(s) with the large 
environmental temperature of -20 degrees C - 80 degrees 0 was shown, and the result of having 
been stabilized by the applied-voltage pair optical output property to the temperature change in 
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coincidence was obtained. 

[0095] Thus, while there has almost been no optical loss by the configuration of the example of 
reference, the improvement in fast of an extinction ratio and stability are attained. Therefore, 
even if it is liquid crystal optical equipment of the example of reference, adjustment of the 
outgoing radiation quantity of light corresponding to an applied-voltage value can carry out to a 
high speed arbitrarily [ there is no quantity of light loss and ] by using as a good light variation 
attenuator for optical communication. 

[0096] (Example 3) The block diagram of overall arrangement of an example 3 is shown in 
drawing 5 . the liquid crystal optical element 30 — the part — the expanded sectional view is 
shown. Although the basic configuration of a light source system was the same as the example 1. 
150W and a metal halide lamp with an arc length of 5mm were used as the light source. 
Moreover, in the opening location of an aperture diaphragm 14. the diameter of 10mm and the 
cone-like reflector 13 by which the cold mirror was formed by the side face of cone-like prism in 
which the vertical angle beta was 160 degrees have been arranged, and two bisectrices of a 
vertical angle leaned 30 degrees of opticals axis, and have arranged. By using such a cone-like 
reflector 13, the illumination distribution of the incident light to the liquid crystal optical element 
30 was equalized. 

[0097] The liquid crystal optical element 30 in this example is considered as the electrode 
configuration which can impress and drive an electrical potential difference for every electrode 
pair with which it was divided into plurality so that the electrode which counters might become 
the same configuration, and each was divided. Moreover, a plano-convex lens is arranged by 1 to 
1 in the shape of an array, and is made to stick to the frontH^ace side of a liquid crystal optical 
element through a glue line for every electrode pair. Incidence is carried out to liquid crystal 
solidification object complex layer 306 by which the light which carried out incidence to the 
liquid crystal optical element was pinched by each electrode pair through each plano-convex 
lens from the optical light source system of the same configuration as an example 1. 
[0098] It is reflected with the light reflex means (it is made to serve a double purpose for flesh- 
side electrode itself, or the reflector of dedication is formed in the background) formed in one 
electrode side (background) of liquid crystal solidification object complex layer 30B, and the 
reflected light is condensed by different location through the again same liquid crystal 
solidification object complex layer 30B and each plano-convex lens, and two or more generation 
of the conjugate image of the aperture diaphragm of the light source system corresponding to 
the number of plano-convex lenses is carried out. Since this conjugate image dissociates 
respectively and is formed corresponding to the number of each plano-convex lens, a 
condensing point is generated only for the number of electrode pairs divided as a result. 
[0099] Two or more optical fibers which have an effective diameter corresponding to the 
magnitude of a conjugate image at the condensing point that two or more of these conjugate 
images are formed are installed in an optical outgoing radiation side. Therefore, by controlling 
independently the high-frequency voltage impressed between each electrode pair, the dispersion 
condition of liquid crystal solidification object complex layer 30B between each electrode pair 
changes independently respectively, and can control independently the outgoing radiation 
quantity of light of two or more optical fibers by the side of outgoing radiation. 
[0100] In this example, seven-piece (one core, six peripheries) contiguity of the electrode pair of 
a forward hexagon was carried out, it has been arranged, the electrode substrate which wired so 
that electrical-potential-difference impression could be carried out independently was prepared, 
front electrode 30A by the side of optical incidence considered as the frosting side in which the 
same irregularity as an example 1 was formed, and another flesh-side electrode 30C was taken 
as the aluminum electrode to serve also as a reflector. 

[0101] And carried out impregnation exposure of the ingredient of the same liquid crystal 
solidification object complex as an example 1, the solidification object was made to harden, and 
the liquid crystal optical element 30 of a transparency dispersion mold was formed. Furthermore, 
the array of a plano-convex lens with a focal distance of 80mm was pasted up on each electrode 
pair with the forward hexagon corresponding to the configuration, and black painting with a 
diameter of about 2mm was given to the core of the convex of a lens as a light absorption object 
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70, 

[0102] The top view which saw from the top the component with which the array of a liquid 
crystal optical element and a plano-convex lens was united is shown in drawing 6 . a part of 
liquid crystal optical element 30 shown in drawing 5 — an expanded sectional view corresponds 
to the cutting plane of A-A'. In addition, the heat regulator 60 was considered as the same 
configuration as an example 1. 

[0103] The distance of the cone-like reflector 13 of a light source system and the liquid crystal 
optical element 30 was taken about 120mm, and it has arranged so that about 10 degrees of 
opticals axis of the light which carries out incidence to the liquid crystal optical element 30 may 
incline. When the liquid crystal optical element 30 was transparence, the conjugate image of a 
cone-like reflector side was formed in the liquid crystal optical element and the location distant 
60mm as a round shape of seven about 5mm diameters of the array of a plano-convex lens with 
a focal distance of 80mm, and the reflector of a liquid crystal optical element. A total of seven 
optical fibers with a diameter of 6mm was installed in each conjugate-image location. 
[0104] The optical fiber used here used as the core of a 6.5 mm diameter the object into which 
the elastomer made from translucency silicone resin was processed in the shape of a rod, and 
what covered the fluororesin of a low refractive index as a clad on the periphery was used for it. 
Since an optical transmission loss becomes large compared with the bundle fiber which bundled 
and used the textile-glass-yarn optical fiber by using such a single track optical fiber, it is not 
suitable for long-distance transmission, but since core area can take greatly, and 
photoconductive close effectiveness is high, in the optical energy transmission which is 10m or 
less extent, low cost-ization of the whole transmission efficiency is attained highly. 
[0105] While dividing the outgoing radiation light from the single light source into plurality 
efficiently and being able to carry out the light guide with the optical fiber by using the liquid 
crystal optical equipment of this example, the light of the quantity of light of the light by which a 
light guide is carried out with each optical fiber was able to be independently stabilized and 
modulated at the high speed. Therefore, if the liquid crystal optical equipment of this example is 
carried in an automobile, from the single light source, two or more optical fibers can divide, a 
light guide can be carried out, and it can use as a head lamp, a tail lamp, a tonneau light, and the 
light source for instrument panels. Moreover, it has a function suitable for the dynamic 
production of stage lighting or inside-of-a-shop lighting. 

[0106] In the liquid crystal optical equipment of this example, modulated light of each colored 
light or modulated light of the color of arbitration is attained by combining the light from the 
single light source with color separation or the function which carries out color composition 
using a dichroic mirror. 

[0107] Moreover, constitutionally, since [ of this invention ] a heat regulator can be installed in 
one side of a liquid crystal optical element, by compulsory temperature control, it can maintain 
now at the temperature by which the optimal characteristics of a liquid crystal optical element 
are always discovered regardless of the quantity of light and the wavelength band which are 
used, or perimeter environmental temperature, and the stable modulated light or the stable 
optical shutter ring is obtained. 

[0108] As mentioned above, although the example was explained, an approximate account is 
performed about the magnitude of each part etc. next. In transmitting light energy, a halogen 
lamp, a metal halide lamp, Xe lamp, etc. are used as the light source, and in order for all to 
condense efficiently using a condensing means and for luminescence length to do a light guide to 
a fiber about 2-1 0mm for a certain reason, the fiber diameter of about 3-1 0mm is needed. 
[0109] Moreover, the magnitude of the light source has the width efface of 10-30cm (500W- 
3kW) extent from die length of 3-1 0cm (10W - 500W class), and the magnitude of a converging 
mirror will also be doubled according to the classification of the light source. Although the 
magnitude of a liquid crystal optical element is decided according to N.A. of the magnitude, for 
example, the focal distance and effective diameter, and the fibers of the condensing means to be 
used (an ellipse mirror, lens, etc.) etc., when using the above-mentioned light source, the thing of 
about 1-30cm of vertical angles is about used for it In this invention, a high property can be 
attained irrespective of the magnitude of a liquid crystal panel. 
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[0110] In using for the purposes, such as a communication link and optical measurement, the 
incidence aperture of light is 1mm or less, and the diameter is set to 1cm or less even if it uses 
a lens, since the emission light of laser die auto or LED is condensed. Since the optical 
transmission section core diameter of the single track fiber for optical communication is 200- 
micrometer or less extent, the magnitude of a liquid crystal optical element is set to about about 
1-5cm. Since semiconductor laser light etc. is used, light serves as almost single wavelength. 
Even in this case, the actuation by which the quantity of light was relatively stabilized with 
precise control as it is small is guaranteed. 

[01 1 1] (Example 4 of reference) The example 4 of reference is shown in drawing 8 . It is what 
improved further the example equipped with alpha whenever [ tilt-angle / which was mentioned 
above ], and is the example which gave whenever [ tilt-angle ] to the liquid crystal optical 
element using two wedge-shaped prism objects, and made parallel mostly the reflector and the 
flat side of a plano-convex lens. The property equivalent to the example mentioned above was 
acquired. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 



2005/02/16 



1/1 ^— V 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The block diagram which drew typically overall arrangement of an example 1 
(example equipped with an ellipse mirror, the aperture diaphragm, the light absorption object, the 
front electrode of a concave convex, and the optical fiber by the side of outgoing radiation). 
[Drawing 2] The block diagram of an example 2 (example equipped with alpha whenever [ light 
absorption object and tilt-angle ]). 

[Drawing 3] The block diagram of the example 1 (example equipped with the light absorption 
object and the front electrode of a concave convex) of reference. 

[Drawing 4] The block diagram of the example 2 (example equipped with alpha whenever [ light 
absorption object and tilt-angle ]) of reference. 

[Drawing 5] The block diagram showing the overall arrangement configuration of an example 3 
(example equipped with the front electrode of an ellipse mirror, an aperture diaphragm, a cone- 
like reflector, a plano-convex lens array, and a concave convex etc.). 
[Drawing 6] The top view of a liquid crystal optical element used for an example 3. 
[Drawing 7] The block diagram of the conventional example. 

[Drawing 8] The block diagram of the example 4 (example which gave whenever [ tilt-angle ] to 

the liquid crystal optical element using two prism objects, and made parallel mostly the reflector 

and the flat side of a plano-convex lens) of reference. 

[Description of Notations] 

1: Liquid crystal optical equipment 

1 1: Light source 

1 2: Ellipse mirror 

13: Cone-like prism or a cone-like reflector 

1 4: Aperture diaphragm 

30: Liquid crystal optical element 

30A: Front electrode 

30B: Liquid crystal solidification object complex layer 

30C: Flesh-side electrode (a transparent electrode or un-transparence aluminum electrode) 

40: Plano-convex lens 

50: Optical fiber 

60: Heat regulator 

70: Light absorption object 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DRAWINGS 



[Drawing 1] 




[Drawing 3] 
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[Drawing 4] 




[Drawing 5] 
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/Co ffiR^l 2roM2».,'^.ie^i:iia«$tlfciMPgst) 1 
4(OiE@ii. h'/i-7 r ''<X'h^^y 7 y< 5 o<r> 

a««i3 oci:^iau>'X4 0l;i±o-Cig^^*L-5ffiig 

[0 0 3 1] A^fitJt^li. *^:te«»JT-li^{S^T-#fctS:^ 
S:?^^LTi/^57t*. MOiKt) 1 4 i: LTtijAtfflll^^i^ K 
/U7 7"1'^^'<!:lRlCa:@5mm<D[l3PSrlSBUfc<. 

[0 0 3 2J Ttail l;4^t5mtt$tt-fc3t(il»R^l 2(;i 20 
J:l3*5fe$nTMPig5t) 1 4 ^riSil bfc^<o;^;45ipa u 
>'X4 0trittro ipiaU'VX4 0roi!b*ffi4 O a *^?>A 

#tL. a5rfrLi*?3nvf5H^B3t^^^3 Ofdiitp, $b 
?^B^B7t^*T-3 OlrAltb. ^wtiaco^m^SG 

10 0 3 3] -e- bT. Mt/jg^@'fb!^«-&<*:^ 3 O B , 
«a*i3 OA^raiib. $fe{c5paV':^X4 OSriiii 
b, ^Wta«ffi4 Oad^btUltb, JS5fb-C3t7r-r^< 30 

5 0 (7)(7?^Altifflt:=iitfo ^bT. r.(07feAlt4S<7?fii!:B 

if\mfi^^m^^m^B(o'^%m,mm (no) tjsis-it-r 4o 

\0 0Z5] ^^-^^-yi^miknno i:*^?ta*f* (n 
O. 1 8tA±T-*>Sr bv\ *fc. 

(Mm) \z^v.xm^mmimm^vii^m<r>-m\'-m^m.^'i^ 

jCbrajoTV^Sr t*S0*bV\ H^t^tt, An • R 
^;L<OM«S:«fc-rzi:;45»*bV^o so 



[0 0 3 61 Vtz.f)^-oX. %=^^-^^^—m^m(D^<:^V 

0. 7 (/rm) ) w^tsr^^-rs^, ±Wi^^xm^ 
m\m^-^Vfm x(Dm.u.m^ mt^- s ^ * t±. 

0. 4 <An • R< O. 7 

<^BI«SSrMfc-t-S6ia}c^>;flJbTV>5C i:i6S»* t-V^ 
[0 0 3 71 — 3»tii{tffl¥«^7r-r^^€rfflv\ 
b-C#"Ift^^roiiiiSH*:u— 1f :5^-C K^L E D<7)j£ 
3^^^*« (A. = 0. 8~1. 6 (^m) ) ro*— &;ft 

e - N e U— Hf^ii^J»f*:U— y-'(7)*-jSg(D^^^tfpJ 
fflidfflV^-S^s ?ffi^<^¥J$*i^^=SR(i. An • Ri;l 
SrJifSfc-r J; 5 /ii&@^*<^'>/i:v^^fit;i5^f * bv^ 
[00 3 81 :L<r>wmn(Dmmi--»y:^^ 

ffi$tv-5o S«(±ff^4^/!>5@^$tbfct,coT"bJ;v^b, r 
[ O O 3 9 1 *^BJ-Ctt'>/i< t t>AWffi{H!lroSffi{;i{4 

[00401 ^:n^nmM#o— Mt^s^Fe^t::. m^sm 

aSf^irJai?— abfci:t{C3t;5S3jgb, — ifeb^^ev^i: 

%^m^\-^m%^^m^^x\ ^ti\^<Dx. %^^(D'ptji\, ^ 

[00411 mSk^^M=f-i: \.Xfmi)^f£^ 

$ ivfc ^ 5^ sSh^b i: s m^mm-^i^ 
(ommmA-^it b, B^k^-^ h y i/ ^ ^<Dffij)f fefai 

[004 21 Z(Omf>^ti:K<D^^m0.^thitmit<f^O-^ h 

?igfB;45^tbii«6^nfcJ; ^'tcfl^itT'fc?), b;4^b. 
ro-r-r ^ n •T'-lr/u;*?^^};:®!! bTt < T t, J; < . 

^n.ni^<oi:^{zm^<om^m<ommmm^ifvxmm 
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S trail L Tl ^ -5 4^fliT- J; V V 

[004 31 ^mmi^m\''^m^Bmimm'tm-i. 

10 0 4 5] B,{ijs:^;i®{fti- LTIi, «e*cOil^OT^~-s' 
[004 6] *fc. *|g?qir*5tt5figfB^^«-^-ro^-g- 20 

mmwm^^ntzm^^miAx. %mM^\zx^mit^ 

[0 0 4 7] fc*}^/^. ^r<0^> Ji^jafrv'— 

^m>!if)m^xii\\ 

[0 0 4 8] 4fc, r.ixf3<o^^-=5'^s';??SH^i:e!'(L14'(b 
[004 9] £Jl±. ^fe«-&«fefrJ:5S!{it:^teS:^U3t 

[0 0 5 0] o^'d. j^B^BTt^*^ 3 O col^gPltitJro 

v^Tiftp^-r^o ^iws (^AtuMffi) fRyir{i«-r-5« 

LT. mm^mX'h'0:tf^:^m(Dm^3 1(0 I TO^ffi 

MIR'J w 7 r -r 5 0 Jdiili^-r 5 CO SriSJiJi- 5 J1^4>t-e*) 
tLtfiv^. L^c;iSoT. RiH-ffiS 0Ci:Jm''iffl7J5^< so 
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[00 5 1] rwffi^t^lii. Mp«^>7 1 4RV^^yr-( 

^<5 0<Dmm^. S:Wffi-Ci.-5M1^3 0 C--(03tAAt 

^#(;iM«-t-^. ■ -mcmmn lifiiiiicifii, >(s i:\ En 

[0052] ^fc, m^m^cDX 0 

m-r^m&^&<r>!if^mcis\,^x. :t>'-:i-ymi¥<om^ 

m&(0:k^$ {4/h$v>{Jt**T* bv^ — 

(7^Jf:;z^y5S5>t5;bTv^5:fr^5^S bv\ 

[0 0 5 3] =a{^ei)tCI4. IH]i£h(^:*c$ $ (t'ix^) »i2 
~ 2 0 0 ,i mgSi4S»* bV \ (+;^3pt5i|a 
$) Rz 140. 1 — 1 0/zmg*/4S»^bV\ ^gff^^^^Bfl 

[0 0 54] [!flaE±tc:fl^^$nfcS?^mili:?«H^B@^b 
i^^-^flsS <t CO FbI-C^ b 5 Sr $ b triSMi- 

i&mmmmi:R^&j±mt vxm^-r^ ^ irTiw* b 

[0 0 5 5] ^Wffit^fflbXr/U^^li^A^S: 

i.it^mm^£mmm 30c sr;?f 7 3 2 ± 

mmit^M-^i^ms 0 B tmmM3 0 cA^pj/i-s^RM 

¥^ti4S^«-&b«)S:i<i:/i»5-C€^fCo ««®3 0C^t 

^(Dmmx'mm bfcp««^#gi^5 ^-srs^arsajt-c 
TtsM^s i: -r s r i 

[0 0 5 6] roS-g", r/u? = ^>AKtt^|::Jt-<eiv> 

«^ttSt:;l2;ffTt -5 i: i: ttc. (ij^ l O 0%<73i«Slt 
[0 0 5 7] ^^•a^:y=y^^zfi)^h^-^hi\.^^mtmi^ 

1 4 bx ^S^7fe^^^^ 3 0 A«-fr bAfc, 

^ bT, m^m%^m^(omMmz 1 0 0 h z <omm&^ 
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[00 5 8] * 1 {diov^T. imn^^^mmi-ittmm^ 
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la (r *3 (t 5 ?(SB^B7t*m^ WPPADffllffifit . O V t 3 O V 

■To it^mt uTfi, m^^^m^<D^tnm(D i to 

[00 59] 
1^1 1 





m jfi m 






(msec) 






g 8% 


3 0 0 — 3 50 


5 






10 0% 


3-^15 


3 — 2 0 0 



[0 0 6 01 r.<o|S*:/4-b. ;*:^PJ^o1»^{^J;'9?ta^ 20 

[0 0 6 1 1 *fc. >^^m<r>m^yt^mmii. m^m<D 

^Srns/^^-i^ltfi^gt^J;*) S/Nlt<DSt>:Jtf|-ja!12:-r 

So Vk^(DmcM^^ 3 5/^<- 1 L < tiMifiS^ 3 s//< 

So 

[0 0 6 21 4fc. CCD;*P< 7^wiir^fl-j|iJg®<oili 

[006 31 ^tz.. :if^%mm<Dm^u%^mm^mmm. 40 
0 ibm(^\zn\.x 1 0° wTss<^^a««w*/is^ 



[0 0 6 41 r r-effli>f3tts^f*:^7"y XASfcisii 

li, XA^fflVNS«^(±-t<»^!±i«fl!l<7)lI:ft 
0;4S9O'' -175' -C'fcSta«6«Eyir y XA^fcttW 

:ft0;4Si8 5° -2 7 0° colIDiK*:!^;^ y XAT-fo <9 M 

[0 0 6 51 BSP^tX-ioT^S^tC^fe/i^^^^n. is 
y X A i o -C^^<o^-'(|;, St>*-o<D^m{w 

T'T^^WPMl^/JJCfcl^'f Xtr-rs:! i:;4SWa bl-xD 

[0 0 6 61 *iim:»-lJ-^(w*3V^-c. T'r-f ^<mtt3tro 

#1^^-- ft(ofc*i)<7?^^^i3:K-rs;ei<^;j5/i<^ mum. 
[oo6 7iie(-. y T ^<^m%mmf^m':^mf)^^ 
mmm.t\^xfSimtf£^m^\z\-i^ isf^^^-y XATi^ii 

#t^y XA75-^i^#tS*ti*:;05;^-^-efcSo «l<*:4^7"yX 
A I4M P iK (7 i: la^-^i^-erTfflv > S $ ?> (w^if /ii^S 
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[0 0 6 8] 4fc, ^{^^^Stti^^fflV^-S^-^ttSttS 
<r>mik 5 0° ~17 7° <7)(?bRlt<*:*fcl±]l:ft y 

ail 8 3° -2 10" <Z)(M]Rtt#:-C-fc5:ii:jJW*L 

lo o 6 9J **;te0iJ(w*ji>T(4. m—M.^Mm(0}5:m 

[0 0 7 01 bT5pa^:^XSrffll^fc 

U'>'X(Diaffi$:^^t-ffiL.¥±iffi^?i5^B7t**^=- 

[0 0 7 1] z zx'%pRii5i.mm!^^ixi)mm(i'm^X' 

1 0 0%ro57-|>fl^^^-e#5i*«;4Sfc5, 

[0 0 7 2] ^mMm(ojz /i*ai^*3^^A3t^^-^ 

[0 0 7 3] *^ffi0ij-ef4, Jt^T'f^^i: UT^<>'K>'i' 

yT4^<^m^tif)^am(Di^^tj:m—y7-^y<X'hi: 

^\ :^7:^xm.'^5mmm&(0='TU^m^-r^t'Slt 

X. ^y'>v'^?E^t-r^mmx'bJ:\,\ ^^t(o^m 
(omti ^ Kih-r s * i,zi6.miffm<r> y y mmsi^mmiz 

[0 0 7 4] y<>h'/i'yr-(y«om^. mm\z^A>Bm 

t-i^rSS^^Wi^Wffia/iJS 0~8 0%t{&V^fcie)3t^ so 
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[00 7 5] mmm2) H 2 tmifeCai 2 Sr^i-„ 

mmx'(Dm^B^^mma. 1 1 mmm(Dm^^ 

^Bm^mm'^i^mr^A^^ts.^^<7>Mmmci(tL.xm 
m.xh <o w-is.:^mRki^m 9 0 {zM L-c, m^(omm-^ 

[00 7 6] m^myt^m'f-<oiTotj:iffi^ib^j:?)mm 

/i2-0<^^fl;®3 O A. «®®3 0 CCDffi(±^ttT-fe 
m±-ri>^mti:mi^Aiimi9A<D^yr-f^<5 0{rA*t 
^ 3 0 B;5S^gS{c:^!4-L-CfflMi-5 J: 5 IciEBStv-CV^ 

So 

[00 77] r ro-ffli^^ll^a l4^0^B5-ewiEaSM/5S 

^m±(D^.A^hyty T-^ ^«o^^^^ u<:^vj\^yr^ 
Aytzt^(DM.i2,^nizM\^x. m^mimm-^i^<omM 
lo 0 7 8] ^mmmmmyr^^<(r>m^. ^r'^t^i 

0 0;imWTi:^V>fc4t)fflMAfl[al40. 1°~10° 

gB(07rl'^<@(±2~2 Ommg*^:i;V^fci>6M#:ft* 
ali, 1° ~2 0'' S«/4S»*Li/\ 

[00 7 9] ^h\z. iz.^fm^^'^h\.tzM-^-\i. ^ 

tub. mm'^maii±te.(D^miztifiibxis<z.tAm 

[0 0 8 0] *|liS0iJT-{i. ^<>' K/i'7r-f-'^5 oco^ 
<^^^^±2. 5mm-efo<9S#tffi9 0 4T'<DSg8i/4Si^5 

[008 1] ^ii?S^B^**T-ro^¥ffi{cS:ftf>tv^c3tS 
«-#^9 0Jvij;ot:SM$tL-5, rixfir/w?^^/^^ 

—X'hX\'\ 

[008 2] i&mmm^ e o li^tsw^s 9 0 roamgro 
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hxm^ Ltzht. m^^^mi- sot jaapfisi e o 
[008 31 ^mmmx'ii. ustmrn^ ^ tj lEmzn 

Sfcsb. 3tR*t^S9 Oi: b-C3-/L'KS7-^ff^^ 

?aaiisig6otb-c«^*j«N]o-</u^ai*^i:ja io 

[0 0 8 4] »J£01J 2 coif fife-e7t*#14^f¥« Lfc i: ' 
- 2 OX:f)^ib 8 orc^jei^it^fi^t^jol^^T. ^Bt 
?i)tJt3 5 0 lBl^trPn*D«JEE*|-^tti 

1 o%gas*t^/55ii5v^fc«). mmm^mmmiiit^m 

[0 0 8 51 (##^J1) l2|3tv:##0iJlSr.T^-ro iro 

X4 0 lifSfBTt**^- 3 o (omimKmmm^ifi-vxmm 

[0 0 8 6] :iCO##0i|l (r*JV^TI4. m^mt/t^m^3 

o<7>—:^<r>mm3 oA<D^mizw&^m-fx\*^^o ^<o 

WL^mittm-kW- 3 O B i: *S*t#St?*).5*SPJ?iS 30 

mis 3 0 c t\-imtw-rT\zwin hixx\^^^. 

[00 8 7] $ fjtr, #3t0tJ 1 (Dr«^7t^^»(-*5V ^ 

ffii:LTi4. nmm^'^m\.x-^ni-y7'^x-^n-t^, 

MStW^-r^z.ti>x^^. 
[0 0 8 8] (##01J2) m4iz0^m2^^-ro :L(0 

[0 0 8 9] Z.iXib<D^nM<iZio\.^X. ^a^>X4 0 

i: L-C«3*ffiw>X£;^^1-{c^N*ffiu>X-c-t J;< . — ;^ 

Xiy^W-ihi-'^:^ 4 0\zxr)MM$nx^^^6^t^ii.miz 
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Mi|s|-?:^oT3tKilXfls:7 0?r^»t. ^<OgB:»(^KttSr/£ 

[0 0 9 0] S/ci. Sil^^l^-h^-it-S/cfetrSpCjU:/ 
X4 0C0[a*S4 O a iw|4S*tE5±a^=>— h UTfc 

[009 1] mnm i 2 (oi»^T'?t##i4^ 

¥a I- vXt Sr^^BSL-C^^M bfcfc t "C'll?* L- 
fr-ftiLTV^-S^S^ 5p£juvX(0^ffiffi{ri TO/iiftDfl; 

[0 0 9 2] (##i^r| 3 ) El 4 2 i: til?lsl«/i 

X(7>M,'^,S6fii;!i5 2 Omm. i o mmCO:/^ 

S/i5'#N3*ffi¥0^>'X^^V^fc, fiS^***^=-»W3aS 

[0 0 9 3] l^^ft7t7r-f^<(4?teill§BT-fcS=>T7!iSii: 
^2 0 0 /z mW^^^;?/^;?; >'r-f ^^5:fl!V^fc„ *fc. 
Jp(fiU>-X(7:)|fhfficocfifeg|5(C*^0 . SmmOia^t) Sr^t 

7t„ ffiV>fc7ti!lt4^M&«8 5 O nmW^iii^i*:^— !f 
-C\ SttffitCHS 5 0 nmC0Klt^^5 i o 0%Xh^m 

ow>m^^nx\^^. 

[0 0 9 4] ' (^)«^-t:-3t^#ttM¥«Lfc*Sm. - 2 
0'C~8 0'Croj£V>«^?aKT-^B#ti^Jt7!»5 5 0 0 0, 
iS:^^«;iS3m s e c i:V^5i^S:^b, Pl^icPP^Dtt 

[0 0 9 5] rwj;9{i> ##0iJW«^ir<ti9^»^tt 

xh%mmm<D-^^%m&mt i.xm\^^z.t\zx^. 
[0 0 9 6] (m&m 3) ms izmmm 3 (D^i^^im 

m'CX^^ifi^ 3ti!Ii: bt 1 5 OW. T-i'*5mm<0 
mti&.m.\Z^ H^SlOmra, 11:^^ 1 6 0° (O^fls^^ 

tt»:i 3SriaBb, m-^<D2^^mf)-%m3o' m^x 
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[009 7] :^miMm-c<r>mrm^^m^ 3 on. M\^-t 

(o^m^mj^A^h m^m^^m^-^Aki vfz^Am^(r>^ 
[0 0 9 8] m^Bmit!^m^i$^m sob (D—:fj<Dmmm 

[0 0 9 9] Cl(^ffi«!c<7)*Sfil/4^ff^^ii<;^ixS*^.^fc:* 
^B$i^5it5il^^SffiS:343^^r^lJ^^-t-5:li(rJ;^). 

mPfS«?sfBia^ii4^«-&i*:s 3 o B (DWiiLVimf)^^^m 

[0 10 0] ?^^J£0ijT-(i. IE7t:ftfl^w«@>rt^ 7fli 
^hSib. tj^— ;^<75»a@3 0CllS#tSSr*ta-C 

[0 10 1] ^-LT, ^ig^ji tmcm^mm^t'^^'^i^ 
mmzMit^i^tLiE^'^jf^x-m/^Mms omm<DW-&\^>' 

X(DTU-(^m^L. U^XC0(iiffic734''L-{rii:@i^2m 
m(Omm ^^KllXfls: 7 O t VXM bfc„ 
[0 10 2] fl5H^>t^*^=-,?;¥^aU'>'X<;5r W;!*?— 40 

[0103] ^m^nmi^^Rkii^ 1 3 tm^tt^m^ 

Afti-t^t^(Dtftmm 1 0° mm-r^x o tdiaa uyt, 

jSS^t^*-?- 3 0/55^0^(0 ;^.,^.gEB|8 Omm<D2p 
ifbi'>'X(DTWi:?K^)t¥^^wR#tE»e:j;c-C, IS 
»:4^R*t«^ffi W*Ste;5SJSS3t^5tl^ i: 6 O mmSmfc so 



18 

[0 104] r rT-ffli/>?>tvfc5fe:7r'i'/<{±. a7tt4-> 
ymmi^^^yy Ki: b-C«^SLfct(OSrffli>fc, 

TW^t^-K^ < Sax.5fcAjt^ASb^;45i«i/^fc*. 1 0 

m)ilTU&<0^^:^-/U:if~^miZ)6\.^Xi-±±^<Dmm^ 

[0 10 5] :^mmm(Dm^^^mm^^^^^^tizx 
<o. ^j3mx<m-^mf)-hff>iiiMt/t^mwc\zm'\vx^ 

[0 10 6] **^S0iJ(Ofi5B^B7t^i^e^-*Jv^T. ^-^t 
[0 10 7] ^ic^BjroM^±. m^m^^m^n)^ 

[0 10 8] SAi. 55Jfe0!|l;ioi^-CIft?flSrtTofc;O^ )i>c 
n't>^*e;5S2~l Omm^«i.S7t«6. ^^fe^S^ffl 

[0 109] %m(r>:k^^\±. :^$3~1 0 cm 
(1 0W~5 O OW^'7;^) 1 0~3 0 c m (50 

ow~3kw) gS(73ti;45foi?. 7feai<73Ssij(-jj;cr* 
li. m^^<^-'f^(r>^^ ^{zt^t^ijh-r. 
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[0 1 101 mis-^ytf\-mm(^s6^i^m^^^m^ia-i^ 

LEDWi§»3tS:*3ti--5yi:^^)^^:^vXS:fflv^r'b, ^ 
*3±^:1~5 cm@|gt/i5o 3t»4. ^ 

[O 1 1 U (##e»J4) l2I8ir#%0ij4Sr;q^-r. ±56 io 
to 1 1 2 J 
±Lfc„ 

[0 1 1 3] Sfc, ^^/ijE^SM^tteM^^i: bX. 
(wA«-rs#BSAtffi§l5^)-(;^Siitxfls:^iS;tt S t J; 
[0 114] jR^^^m^©;!- 

[0 115] ^fc. iSj*'>-rs/i5'-^Bg5r*-rSfi?.0Jffl 40 
^ y ^ —A&-f>> \ m s (D^^ ^ 3 6 O k m/ s (7)aS 

[0 1 1 6] *fc, i^jg^t)!)i)^f^SrilMe<}t;:->^ i/i? y 
5. 

[0 117] >-y S'iJ'-^'-l' 5 Vi^€rffiE»3Bl^T-#, 
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[0 1 18] ^m^B%^mm.^. *i^«ii*sMt±s (n^/ 
>•-:^7'■t-5t^^B!lffl3tM(^^|J^wtt6^e?rtev^. ^<Dmm<o 
^xi>. Sfctty-fX^c^v^ii^r-t,. s/NJt(73i« 

[0119] ^(Dmm. ^?im(Dm^B^^mm^m^m 

[0 12 0li^t'. u^yi^^:^T:yzfmt/t^3 'yy<—^ 

(oxo iz^fkmmmtmm^^oxi^^ -y^v >'^^n 
(c*5(,^rt. m^ii'om\>^hivx\,^f:im7^mmm<o^m 

[0121] mzi^^m'7:'^m^^^mmm^m 

[0122] Sfc. *%?^t4^<0^*S:^J:>/i^^$£|a-C- 
[|2lffi<olSi*/iiJiH^] 

[Ell] mmmi mnm.. mp^u. ^tKuxi*^. mo 
[132] -mmz (.^wisL^h'mM^^a.^'mTLtLm) 

(03) #%Ml (*!Ki|X»:i:|H]iaffi<0«mffiS:«i;tfc 

[04] 2 t ffli^t^i « a ^m^tm) 
[0 5] IIJS0IJ3 mnm,. isp^t), iifrttstt^:. 

[0 7] t**«l'Jwyn->^'0<, 

[0 8] ##0ij4 (7°y XAfls:^2^@fflV^Tfe!^B^^* 
"f-l^mmikStir^x.. ;4^oS*tffi^:¥(aV':^X(7)5Ffflffi 

[??F-^<0|ftPJ] 

1 -.m^m^^mm 
1 .1 : 

1 2 : tiR^ 

1 3 : «l*^^^7°y X^*fcl4«lft::KS#t{*: 
1 4 : MR^U 

3 0 : m^^^m^f- 

3 0 A : 




m3] 

im4] 
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